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ANNOTAT I ON 

This c o l l e c t i o n  i s  devoted t o  problems of space evo lu t ion ,  as wel l  as 

t h e  p o s s i b i l i t i e s  o f  "export" and "import" of l i f e  i n  space.  

I t  p r e s e n t s  a c r i t i c a l  eva lua t ion  of s e v e r a l  o f  t h e  methods which e x i s t  

a t  t h e  p re sen t  time for d e t e c t i n g  l i f e  ou t s ide  t h e  Earth and the  p o s s i b i l i t y  

o f  s u r v i v a l  of lower organisms i n  experimental condi t ions  s imula t ing  those i n  
o u t e r  space.  

Academician A. A. Imshenetskiy 
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FOREWORD 

Space r e sea rch  has l ed  t o  t h e  development of  a new d i s c i p l i n e  - -  space 

biology.  I t  involves  t h e  s tudy  of  t h e  e f f e c t  of  extreme f a c t o r s  t h a t  e x i s t  

i n  space on p l a n t s  and animals, examination o f  t h e  p o s s i b i l i t y  o f  t r a n s p o r t  o f  

l i v i n g  matter i n  space with me teo r i t e s  o r  space d u s t ,  an ana lys i s  of t h e  

poss ib l e  na tu re  o f  e x t r a t e r r e s t r i a l  l i f e  and t h e  sea rch ing  f o r  t h e  l a t t e r  on t h e  

p l a n e t s  of  t h e  S o l a r  System and f i n a l l y  t h e  development o f  methods of 

s t e r i l i z i n g  s p a c e c r a f t .  

o f  t he  d a t a  c o l l e c t e d  ear l ie r  by o t h e r  s c i ences  and having d i r e c t  a p p l i c a t i o n  

t o  i t s  own problems. The r i c h  experience of  e c o l o g i s t s  and b i o p h y s i c i s t s  makes 

i t  p o s s i b l e  t o  make a c o r r e c t  approach t o  t h e  problem of  t h e  r e s i s t a n c e  of 

t e r r e s t r i a l  m a t e r i a l s  t o  t h e  ac t ion  of extreme f a c t o r s  and t h e  p r e d i c t i o n  o f  

t h e  n a t u r e  of e x t r a t e r r e s t r i a l  l i f e .  Me teo r i t i c s  has provided considerable  

material on the  chemical n a t u r e  o f  carbonaceous chondr i t e s ,  while planetology 

has provided va luab le  d a t a  on the  condi t ions under which l i f e  could develop 

on the  p l a n e t s .  

I t  i s  n a t u r a l  t h a t  space biology has made primary use 

Hence, t he  i s o l a t i o n  o f  space biology as a s c i e n c e  has required t h e  app l i -  

c a t i o n  o f  considerable  d a t a  provided by va r ious  s c i e n c e s .  A t  t h e  same time, 

however, t h e o r e t i c a l l y  new problems t h a t  d i d  no t  e x i s t  p rev ious ly  have a r i s e n .  

These inc lude ,  f o r  example, t h e  e f f e c t  o f  high vacuum on t e r r e s t r i a l  mater- 

i a l s ,  t h e  s tudy of  t he  n a t u r e  of  e x t r a t e r r e s t r i a l  l i f e ,  methods of d e t e c t i n g  

the  l a t t e r ,  and so f o r t h .  

This c o l l e c t i o n  contains  both t h e o r e t i c a l  and experimental  a r t i c l e s  on 

var ious problems o f  space biology.  The authors  of t hese  a r t i c l e s  d id  not s e t  

themselves t h e  t a s k  o f  providing l i t e r a t u r e  surveys on t h i s  t o p i c .  Surveys of  

t h i s  kind w i l l  be publ ished l a t e r  i n  o t h e r  i s s u e s .  

The p r i n c i p a l  purpose o f  t h i s  c o l l e c t i o n  i s  t o  acquaint  t h e  r eade r  with 

some o f  t he  experimental  s t u d i e s  which a r e  going on i n  t h e  f i e l d  of space 

biology as wel l  as with those t h e o r e t i c a l  concepts which a r e  he ld  by t h e  

s c i e n t i s t s  who work i n  t h i s  a r e a .  Undoubtedly, t h e  landing o f  automatic 
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s t a t i o n s  on p l a n e t s  i n  the  f u t u r e  w i l l  provide much new informat ion  about t h e  

condi t ions e x i s t i n g  on t h e  p l a n e t s  and consequently co r rec t ions  w i l l  have t o  
be  made i n  many of t h e  ideas  t h a t  a r e  h e l d  a t  the  p re sen t  t ime. 

A. Imshenetskiy 
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NASA TT F-710 
EXTRATERRESTRIAL LIFE 

LIFE CONDITIONS I N  THE UNIVERSE 

V. G .  Fesenkov 

ABSTRACT: On t h e  b a s i s  o f  comparisons o f  var ious m a t e r i a l s ,  
it is shown t h a t  t h e  chemical elements included i n  t h e  compo- 
s i t i o n  of  ou r  galaxy have always been p resen t  i n  t h e  un ive r se  
and t h a t  t h e  ex i s t ence  p r o b a b i l i t y  of  some ant imat ter  i s  
extremely remote. The s implest  hydrocarbon compounds ( cha rac t e r -  
i s t i c  a l s o  o f  comet cores)  come i n t o  ex i s t ence  i n  t h e  i n t e r -  
s t e l l a r  medium. This i s  aided by dust  p a r t i c l e s  c o n s i s t i n g  
mostly of  g raph i t e .  A complex organic  substance,  including some 
fundamental DNA-constituent groups, could have formed i n  carbon- 
aceous chondri tes  ( i .  e . ,  t h e  o l d e s t  me teo r i t e s )  i n  p rep lane ta ry  
t imes.  I t  i s  f e l t  t h a t  a l l  t h i s  tends t o  i n d i c a t e  t h a t  hydro- 
carbons form t h e  only foundation f o r  l i f e  development i n  t he  
un ive r se .  With t h e  passage o f  t ime,  t h e  number of  dark dwarfs 
continues t o  grow, and t h e  un ive r se  becomes l e s s  s u i t a b l e  f o r  
l i f e .  

What comprises t h e  Universe v i s i b l e  t o  us,  which according t o  var ious d a t a ,  /7* 
has been i n  ex i s t ence  f o r  10-15 b i l l i o n  years?  
e x i s t  i n  i t  f o r  l i f e ?  

What s o r t  of cond i t ions  

Generally speaking, t h e  ma te r i a l  i n  t h e  Universe i s  concentrated i n  

s t e l l a r  systems -- g a l a x i e s ,  s epa ra t ed  by d i s t a n c e s  which a r e  reckoned i n  

mi l l i ons  o f  l i g h t  yea r s  on t h e  average. The most massive e l l i p t i c a l  g a l a x i e s ,  

whose mass is  g radua l ly  decreasing as  t h e  degree o f  t h e i r  f l a t t e n i n g  i n c r e a s e s ,  

c o n s i s t  only of  s tars  without a s i g n i f i c a n t  gas component. In a d d i t i o n ,  t h e  

s p i r a l  ga l ax ie s  of  d i f f e r e n t  types c o n s i s t  p r imar i ly  of  a nucleus surrounded by 

more o r  l e s s  d i s c r e t e  s p i r a l  arms i n  which t h e r e  a r e  small  percentages o f  gas 

and dust  as we l l  as s ta rs .  F i n a l l y ,  t h e r e  are non- sp i r a l ,  comparatively small 

ga l ax ie s  with a maximum gas con ten t .  

The ga lax ie s  a r e  grouped i n t o  ind iv idua l  systems which d i f f e r  i n  compo- 

s i t i o n .  For example, t h e  system with i r r e g u l a r  o u t l i n e s  t h a t  i s  i n  t h e  con- 

s t e l l a t i o n  Virgo contains  ga l ax ie s  which are predominantly of t h e  s p i r a l  t ype ,  

.. , .  _ -  ~. - , . . . ~~- - ~. ~~ ~ . _ _ _ . _  . . . . _  ~. 

*Numbers i n  t h e  margin i n d i c a t e  pag ina t ion  i n  t h e  fo re ign  t e x t .  
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i n  c o n t r a s t  t o  t h e  system i n  t h e  c o n s t e l l a t i o n  Coma Berenices. 

a l s o  c o n s i s t s  p r i m a r i l y  o f  s p i r a l  ga l ax ie s ;  i n  fact ,  our  own galaxy i s  a type 

Sb. The c l o s e s t  galaxy t o  us ,  l oca t ed  i n  t h e  c o n s t e l l a t i o n  Andromeda ( a t  a 

d i s t ance  of approximately 2 m i l l i o n  l i g h t  y e a r s ) ,  i s  o f  t h e  same t y p e ,  as are 

a number o f  o t h e r  g a l a x i e s .  

a s t i l l  unanswered ques t ion ,  b u t  t h e i r  development appa ren t ly  took p l ace  many 

eons ago. This i s  i n d i c a t e d  by the  ex i s t ence  of  s u r p r i s i n g  g a l a c t i c  chains ,  

c l e a r l y  uns t ab le  formations.  

Our system 

The manner i n  which t h e  g a l a x i e s  were formed i s  

As e s t a b l i s h e d  by Hubble i n  1929, t h e  un ive r se  i s  cons t an t ly  expanding. 

This i s  i n d i c a t e d  by the  s o - c a l l e d  r ed  s h i f t ,  i . e . ,  t h e  Doppler s h i f t  of t h e  

/ 8  s p e c t r a l  l i n e s  toward t h e  red end of t he  spectrum, t h e  r a t e  of s h i f t  being - 
propor t iona l  t o  t h e  d i s t a n c e .  The most remote o b j e c t s ,  discovered i n  very 

r ecen t  y e a r s ,  a r e  t h e  so -ca l l ed  quasa r s ,  whose Doppler s h i f t  i s  s o  g r e a t  t h a t  

t he  hydrogen l i n e s  of t h e  Lyman s e r i e s ,  which a r e  u s u a l l y  impercept ible  because 

of t h e  s e l e c t i v e  absorpt ion i n  t h e  t e r r e s t r i a l  atmosphere, appear s h i f t e d  t o  

t h e  v i s i b l e  p o r t i o n  of t h e  spectrum. The l i g h t  from the  most remote quasars 

has been t r a v e l l i n g  toward us f o r  more than 5 b i l l i o n  y e a r s ;  t h i s  means t h a t  

i t  l e f t  them before our  S o l a r  System was formed. 

Hence, they a r e  located nea r ly  a t  t h e  l i m i t  of  t h e  v i s i b l e  Universe.  

Nevertheless ,  t h e  spectrum of quasars  contains  c h a r a c t e r i s t i c  l i n e s  of o rd i -  

nary chemical elements i n  a d i f f e r e n t  degree of  i o n i z a t i o n  - -  hydrogen, mag- 

nesium, oxygen, neon, e t c .  This i n d i c a t e s  t h a t  t h e  same chemical elements have 

always e x i s t e d  i n  the  Universe,  although i n  d i f f e r e n t  amounts. 

Another conclusion of t h e o r e t i c a l  s i g n i f i c a n c e  which may be drawn 

on t h e  b a s i s  o f  s t u d i e s  of t h e  Universe c o n s i s t s  i n  t h e  f a c t  t h a t  a l l  of  

i t s  ma te r i a l  i s  i n  a s t a t e  of constant  i n t e r a c t i o n ,  which i s  e s p e c i a l l y  e v i -  

dent i n  our galaxy. Observations show t h a t  powerful streams of gas a r e  con- 

s t a n t l y  being e j e c t e d  from i t s  c e n t r a l  nucleus a t  v e l o c i t i e s  of 50-100 km/sec. 

out i n t o  the  s p i r a l  arms. The s t a r s ,  which r ep resen t  t h e  p r i n c i p a l  concen- 

t r a t i o n  of ma t t e r  i n  t h e  galaxy, a r e  a l s o  e j e c t i n g  gaseous m a t e r i a l  i n t o  

space and generat ing cosmic r a y s ,  which c o n s i s t  p r imar i ly  of protons and 

e l e c t r o n s  with t h e  maximum content of n u c l e i i  of heav ie r  elements,  which, on 
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e n t e r i n g  o u t e r  space,  g radua l ly  a c c e l e r a t e  under the  in f luence  of  g a l a c t i c  

magnetic f i e l d s  almost t o  t h e  speed of l i g h t .  

Apparently a s i g n i f i c a n t  number of cosmic r ays  a l s o  a r r i v e  from o u t s i d e ,  

e s p e c i a l l y  from remote r a d i o  g a l a x i e s ,  bu t  p r i m a r i l y  from supernovae, which 

appear approximately every 100 yea r s .  

s t a r  sometimes becomes c l e a r l y  v i s i b l e  i n  t h e  daytime sky (as  was t h e  case, 

f o r  example, with t h e  supernova Tycho Brahe (1572) i n  t h e  c o n s t e l l a t i o n  
Cassiopea, energy i s  l i b e r a t e d  equivalent  t o  hundreds o f  b i l l i o n s  of s tars .  

Supernovae r ep resen t  t h e  f i n a l  s t a g e  of  evo lu t ion  of very massive stars when 

t h e  consumption of t he  hydrogen which se rves  as t h e  b a s i c  f u e l  f o r  l i b e r a t i o n  

o f  nuc lea r  energy undergoes c a t a s t r o p h i c  compression and t h e  temperature a t  

t h e  c e n t e r  r i s e s  t o  b i l l i o n s  o f  degrees .  Under such cond i t ions ,  t h e r e  i s  a l s o  

s y n t h e s i s  of  var ious elements i nc lud ing  t h e  very h e a v i e s t  ones,  and during t h e  

explosion with e j e c t i o n  of  an enormous mass of substance o f  t h e  s t a r  t h e s e  

elements p e n e t r a t e  t h e  surrounding cosmic space.  

I n  such an explosion,  when t h e  b u r s t i n g  

Thanks t o  processes  o f  t h i s  kind,  which have been t ak ing  p l a c e  a l l  during 

t h e  ex i s t ence  o f  our galaxy, t h e  i n t e r s t e l l a r  medium has g radua l ly  been en- 

r i c h e d  with a g r e a t  many heavy elements which then go t o  make up t h e  substance - /9  
o f  newly forming s tars .  A t  t h e  same time, however, t h e  cosmic r ays  generated 

by t h e  stars and h e l d  wi th in  t h e  l i m i t s  of t h e  galaxy by i t s  magnetic f i e l d  

i r r a d i a t e  a l l  o f  t h e  substance which they encounter on t h e i r  pa th  very e f f e c -  

t i v e l y .  F o r  example, on p e n e t r a t i n g  t h e  h a r d e s t  nuc le i  o f  atoms of i r o n  and 

o t h e r  elements,  they a r e  enr iched by n u c l e i  o f  l i g h t e r  elements,  such as 

l i t h ium,  beryl l ium, boron; hence, they contain t h e  l a t t e r  i n  much g r e a t e r  pro- 

po r t ions  than do t h e  stars o r  p l a n e t s  themselves.  

A s  w e  know, on t h e  b a s i s  o f  s t u d i e s  of  me teo r i t e s  t h a t  were performed 

immediately a f t e r  t hey  landed, such me teo r i t e s  contain dozens of  i so topes  

inc lud ing  s h o r t - l i v e d  ones t h a t  are c r e a t e d  by. t h e  decay of va r ious  elements as 

wel l  as i r o n  under t h e  in f luence  o f  i r r a d i a t i o n  by cosmic r ays  t h a t  pene t r a t e  

t o  a depth of  40-50 c m .  A s  an example, w e  could mention t h e  Arus me teo r i t e ,  

which was c o l l e c t e d  immediately a f te r  landing on t h e  border  between I r a n  and 

t h e  USSR i n  t h e  autumn of  1959. 

mately 40 d i f f e r e n t  i s o t o p e s ,  i nc lud ing  s h o r t - l i v e d  ones t h a t  were formed 

This  me teo r i t e  w a s  found t o  contain approxi- 

II. - 
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as t h e  consequence of  i r r a d i a t i o n  by cosmic r ays  i n  the  course of  t h e  s e v e r a l  

mi l l i on  years  it spent  t r a v e l l i n g  i n  t h e  S o l a r  System. 

A s tudy o f  t h e  me teo r i t e  substance r evea led  t h a t  t h e  i n t e n s i t y  o f  cosmic 

rays i n  our galaxy has remained e s s e n t i a l l y  constant  f o r  t h e  last  hundred 

mi l l i on  yea r s .  Despite t h e i r  being consumed i n  processes  of  c o l l i s i o n ,  they 

a r e  cons t an t ly  being r ep laced  by e j e c t i o n  from various bodies  i n  t h e  course of  

a c c e l e r a t i o n  i n  g a l a c t i c  magnetic f i e l d s .  

The ex i s t ence  of  such processes  c l e a r l y  i n d i c a t e s  t h a t  i n  t h e  area of  t h e  

Universe a c c e s s i b l e  t o  us ,  t h e  ex i s t ence  of any kind of a n t i m a t t e r  i s  completely 

impossible.  

t r o n s  toge the r  with many e l e c t r o n s ,  b u t  they may a r i s e  temporar i ly  i n  processes  

accompanying gamma r a d i a t i o n .  Hence, it appears s t r a n g e  t h a t  s e v e r a l  authors  

(see f o r  example Alfven, 1965; Vlasov, 1966) suggest t h a t  many of t h e  s tars  i n  

our galaxy may c o n s i s t  of a n t i m a t t e r .  Alfven s t a t e s  t h a t  t h e  galaxy c l o s e s t  

t o  us -- t h e  Andromeda Nebula -- a l s o  c o n s i s t s  of  a n t i m a t t e r .  However, a l l  

t h e  d a t a  which we have on t h e  continuous i n t e r a c t i o n  of  substances w i t h i n  our 

galaxy and beyond i t s  l i m i t s  i n d i c a t e  the  abso lu te  i m p o s s i b i l i t y  o f  t h i s .  

Hoyle (1968) considers  it t o  be a s u f f i c i e n t  argument a g a i n s t  t h e  ex i s t ence  of  

an t ima t t e r  t h a t  t h e  f i s s i o n  of p a r t i c l e s  and a n t i p a r t i c l e s  fol lowing t h e i r  

c r e a t i o n  i n  nuc lea r  processes  cannot take p l a c e .  Espec ia l ly  s t r a n g e  are t h e  

opinions expressed very r e c e n t l y  (La P a z ,  1968) t h a t  i n d i v i d u a l  comets may con- 

sist  of an t ima t t e r  and t h a t  i n  p a r t i c u l a r  t h e  explosion which took p l a c e  when 

I t  i s  t r u e  t h a t  t hese  same cosmic r ays  contain i n d i v i d u a l  p o s i -  

/ 10 t h e  s o - c a l l e d  Tungus me teo r i t e  landed 6n 30 June 1908 was a l s o  caused by a n t i -  - 
matter. 

Another important ques t ion  which i s  faced by i n v e s t i g a t o r s  i n  t h e  f i e l d  

of  exobiology i s  whether o r  not  l i f e  on a b a s i s  o t h e r  than carbon could de- 

velop and e x i s t  somewhere i n  t h e  Universe. A t  t h e  p r e s e n t  t i m e ,  no one can 

answer whether o r  no t  l i f e  i s  p o s s i b l e  i n  our  S o l a r  System i n  t h i s  r e s p e c t .  

Considerable success  i n  determining t h e  s t r u c t u r e  and composition of t h e  

i n t e r s t e l l a r  medium was achieved by t h e  use of r a d i o  methods. On t h e  2 1  cm 

wavelength, it has  been p o s s i b l e  t o  confirm t h e  ex i s t ence  of n e u t r a l  hydrogen 

i n  t h e  s p i r a l  arms o f  t h e  galaxy and i t s  approximate content  was determined. 
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I n  a d d i t i o n ,  i on ized  hydrogen has  a l s o  been found t o  form ex tens ive  a reas  t h a t  

develop i n  it under t h e  in f luence  of  i r r a d i a t i o n  of  i n t e r s t e l l a r  medium by 

b r i g h t ,  comparatively young s tars .  Areas of hydroxyl (OH) have been discovered 

which were f i rs t  found i n  t h e  absorpt ion l i n e  a t  a wavelength of approximately 

18 cm, and then i n  t h e  emission as w e l l .  Emission l i n e s  o f  o t h e r  elements a t  

very high l e v e l s  of e x c i t a t i o n  have been found i n  t h e  r a d i o  band. 

Within t h e  l i m i t s  o f  our  galaxy, i n t e r s t e l l a r  gas appears i n  the  o p t i c a l  

region o f  t h e  spectrum i n  such a manner t h a t  it causes s t a t i o n a r y  l i n e s  of 

var ious elements ( f o r  example, i o n i z e d  calcium). I n  a d d i t i o n ,  absorpt ion 

bands have been found i n  i n t e r s t e l l a r  space which no one has y e t  been ab le  t o  

r e l a t e  t o  any molecular compounds; i n  a l l  p r o b a b i l i t y ,  they c h a r a c t e r i z e  the  

composition of  p a r t i c l e s  of  i n t e r s t e l l a r  d u s t .  

t h i s  i n t e r s t e l l a r  dus t  absorbs l i g h t  s t r o n g l y  and i s  ab le  t o  conceal completely 

the  c e n t r a l  nucleus o f  our galaxy i n  o p t i c a l  r ays ;  t h i s  nucleus i s  loca ted  i n  

t h e  d i r e c t i o n  o f  t h e  c o n s t e l l a t i o n  S a g i t t a r i u s .  In  a d d i t i o n ,  t h e  i n t e r s t e l l a r  

fragments of  d u s t ,  which a r e  cooled t o  a very low temperature (3-5"10, a r e  

capable of  causing considerable  cooling o f  t h e  i n t e r s t e l l a r  gas ,  leading t o  

i t s  condensation. 

An i n s i g n i f i c a n t  amount of  

According t o  t h e  d e t a i l e d  s t u d i e s  performed by a number o f  authors  (Nandy, 

1967; Hoyle, 1968, e t c . ) ,  w e  can assume t h a t  i n t e r s t e l l a r  dus t  of t h i s  kind i s  

cons t an t ly  being enriched with g ra ins  of  g r a p h i t e ,  which a r e  formed i n  t h e  

atmospheres of red g i a n t s  (type N )  and expe l l ed  i n t o  o u t e r  space by t h e  
p re s su re  of l i g h t .  In  some a r e a s ,  t hese  g r a p h i t e  p a r t i c l e s  a r e  covered with a 

t h i n  coa t ing  o f  i c e  ( f o r  example, i n  t h e  absorbent clouds i n  t h e  c o n s t e l l a t i o n  

Perseus) and always contain admixtures of  o t h e r  p r e c i p i t a t e d  elements.  

Another reason f o r  t h e  abrupt cooling of  t h e  gas i n  t h e  i n t e r s t e l l a r  

medium, leading t o  i t s  condensation, i s  t h e  admixture of  small amounts of  

oxygen, n i t r o g e n  and neon, which are exc i t ed  by t h e  abso rp t ion  of  thermal 

energy i n  c o l l i s i o n s  with atoms of  o t h e r  e lements ,  reaching high l e v e l s ,  and 

then emi t t i ng  forbidden l i n e s  i n  t h e  o p t i c a l  and r a d i o  frequency ranges.  

Although t h e s e  elements are p r e s e n t  i n  only a very s l i g h t  amount, they are ab le  /11 

t o  reduce t h e  temperature of even very ho t  regions of  i on ized  hydrogen by an 

e n t i r e  o r d e r  of magnitude, approximately t o  10,OOOo K .  
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The i n t e r s t e l l a r  medium i s  f a r  from uniform. I t  con ta ins  t u r b u l e n t  pro-  

cesses  and l o c a l  h e a t i n g  under the  in f luence  o f  i o n i z a t i o n  of  gas.  Flares from 

supernovae create shock waves which propagate  a t  supe r son ic  v e l o c i t l e s ,  S O  

t h a t  t h e  d e n s i t y  of  t h e  gas i n  such a wave i s  increased s e v e r a l  orders  of 

magnitude and t h i s  may be of g r e a t  s i g n i f i c a n c e  f o r  t h e  formation o f  g rav i -  

t a t i o n a l l y  bonded condensations.  A convenient example of a process of t h i s  

kind i s  t h e  f i l amen t s  i n  t h e  c o n s t e l l a t i o n  Cygnus, which a re  spreading a t  

v e l o c i t i e s  of approximately 100 km/sec from a s i n g l e  c e n t e r  a t  which a super- 

nova exploded 70,000 yea r s  ago. Among t h e s e  f i l amen t s ,  w e  can f i n d  a number 

o f  s t e l l a r  chains  o r i e n t e d  i n  t h e  same fa sh ion  and r ep resen t ing  uns t ab le  form- 

a t i o n s  t h a t  developed r e c e n t l y .  Many similar f i laments  have been photographed 

i n  var ious p o r t i o n s  of t h e  sky by Shayn and Gaze (1952). 

I f  a cloud of  gas and dus t  with high d e n s i t y  i s  loca ted  i n  t h e  pa th  o f  t h e  

shock wave which c h a r a c t e r i z e s  t h e  propagat ion of  an ion ized  f r o n t  , t h e  former 

remains unionized, i s  compressed under t h e  p r e s s u r e  o f  t h e  ho t  gas and i s  con- 

ve r t ed  t o  a dense dark formation - -  a globule  which i s  t h e  nucleus of a s t a r ,  

and which i n  a very s h o r t  time may be compressed as a r e s u l t  of  g r a v i t a t i o n a l  

co l l apse  and be converted i n t o  a self luminescent  body. 

globules  , u s u a l l y  a s soc ia t ed  with nebulae,  were discovered i n  the  United S t a t e s  

by Bok and s t u d i e d  by Rozhkovskiy (1962). 

A g r e a t  many such 

Condensations have developed r a p i d l y  i n  which s i g n i f i c a n t  changes have 

taken p l ace  i n  only a few y e a r s ;  t h e s e  are t h e  s o - c a l l e d  Herbig-Gar0 o b j e c t s ,  

which a r e  found i n  p a r t i c u l a r  i n  t h e  v i c i n i t y  of t h e  Orion Nebula, where 

i n t e n s e  s t e l l a r  formation i s  going on a t  t h e  p r e s e n t  t ime. 

Thus , f o r  example , Beklin and Neugebauer r e c e n t l y  (1968) discovered i n f r a -  

red r a d i a t i o n  i n  t h i s  nebula ,  coming from some ob jec t  t h a t  was apparent ly  i n  a 

s t a g e  of  p r e g r a v i t a t i o n a l  co l l apse .  Near t h e  r e c e n t l y  developed type T stars , 
which a r e  p a r t i c u l a r l y  numerous i n  t h i s  nebula ,  Mendoza i n  1962 detected t h e  

presence of  considerable  i n f r a r e d  r a d i a t i o n ,  which must come from a compressed 

dus t  cloud with a temperature of about 700"K,  apparent ly  cons i s t ing  of m a t e r i a l  

f o r  t h e  formation o f  p l a n e t s .  I t  was r e c e n t l y  shown (Menon, 1967) t h a t  

hydroxyl (OH) r a d i a t i o n  only develops nea r  forming stars and comes from o b j e c t s  
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of  n e g l i g i b l y  small angular s i z e  (Shklovskiy, 1966, 1967). We must take i n t o  

account t h e  f a c t  t h a t  a t  t h e  boundary of  t h e  area of  i on ized  hydrogen, surround- 

ing  a s t a r  which is j u s t  developing, t h e r e  i s  a decay of molecules of  H 2 0  and 

i-n t h e  upper atmosphere from water vapor under t h e  in f luence  of high-frequencv 

s o l a r  r a d i a t i o n .  

t he  formation of  hydroxyl OH. This is  s imilar  t o  t h e  development of hydroxyl /12 

As we mentioned e a r l i e r ,  t h e  Orion Nebula i s  e s p e c i a l l y  cha rac t e r i zed  by 

t h e  f a c t  t h a t  s t a r  formation i s  going on i n  i t  a t  t h e  p re sen t  t ime. 

example, i n  1936 t h e  s t a r  FV Orionis  appeared t h e r e  and similar phenomena may 

occur i n  t h i s  nebula every 500-1,000 years  (Herbig, 1967). What i s  t h e  

s t r u c t u r e  of  such a nebula l i k e ?  A l a r g e  q u a n t i t y  of  f i n e  absorbent ma te r i a l  

i s  a s soc ia t ed  with i t .  

c o n s i s t s  of  a number of inhomogeneities which occupy no more than 1% of t h e  

t o t a l  volume (Osterbrock, F l e i sche r )  . According t o  the  e s t ima tes  made by 

I d l i s ,  inhomogeneities of t h i s  kind a r e  equ iva len t  i n  mass t o  comets, i . e . ,  

they have masses on t h e  order  of 1026-1028 grams. 

For 

Detai led spec t roscop ic  s t u d i e s  have revealed t h a t  i t  

Would i t  be c o r r e c t  t o  assume t h a t  such nebulae a c t u a l l y  cons i s t  of 

comets? 

po r t ion  of t h e  extended circumsolar  cloud measuring up t o  1,500 r a d i i  of t h e  

E a r t h ' s  o r b i t ,  al though they may remain f ixed  i n  t h e  condi t ions of i n t e r -  

s t e l l a r  medium f o r  a p r a c t i c a l l y  unl imited length of time, contain very i n -  

s i g n i f i c a n t  amounts of hydrogen and t h i s  mainly i n  t h e  form of var ious com- 

pounds. Spectrometr ic  d a t a  i n d i c a t e  t h a t  comet n u c l e i  a r e  made up of  C N ,  C H ,  

CH3,  C 2 ,  C3, OH, C O ,  NH,  CH , CO' and Na, bu t  t h e  s o - c a l l e d  "parent compounds" 

which make up t h e i r  i n n e r  p o r t i o n s  must be more complex, f o r  example: HCN,  

N H 2 ,  H 2 0 ,  CO,  C 2 N 2 ,  CH4,  C H 2 2  
heavy elements - -  Fe, N i ,  Mg, Ca. 

This would not  be abso lu te ly  c o r r e c t ,  s i n c e  comets which make up a 

+ 

and o t h e r  hydrocarbons with admixtures of var ious 

Accumulations with compositions of t h i s  kind obviously may develop any- 

where i n  space and se rve  as primary m a t e r i a l  f o r  t h e  formation of  stars and 

p l a n e t s .  The unavoidable mutual c o l l i s i o n s  between such condensations,  forming 

along i r r e g u l a r  o r b i t s  around a common c e n t e r  of g r a v i t a t i o n ,  l ead  t o  t h e  r a p i d  

sepa ra t ion  of  t he  c e n t r a l  condensation, which i s  then changed i n t o  a s t a r  when 

t h e r e  i s  s u f f i c i e n t  mass. 



I t  should be  pointed o u t ,  however, t h a t  w e  s t i l l  do no t  have a completely 

clear i d e a  regarding t h e  mechanism of formation of t h e  comet which makes up a 

p o r t i o n  of t he  extended circumsolar  cloud, although i t  i s  c l e a r  t o  everyone 

t h a t  uns t ab le  bodies  of small s i ze  l i k e  t h e s e  could no t  develop wi th in  t h e  S o l a r  

System. Vsekhsvyatskiy , however , proposes t h e  r a t h e r  novel i d e a  t h a t  comets 

were e j e c t e d  and continued t o  be e j e c t e d  from t h e  cores  o f  p l a n e t s  and t h e i r  

s a t e l l i t e s  during some kind of i n t e r n a l  cataclysms (Vsekhsvyatskiy, 1967) . H i s  

main argument i s  the  f a c t  t h a t  many comets appear t o  have developed ab rup t ly  

a t  s l i g h t  d i s t a n c e s  from J u p i t e r  and then desc r ibe  more o r  l e s s  elongated 

o r b i t s .  However, a l l  such cases were s t u d i e d  i n  d e t a i l  by Kazimirchak- 

Polonskaya (1968), who used computers t o  c a l c u l a t e  t h e  evo lu t ion  of  cometary 

o r b i t s  under t h e  in f luence  of  p e r t u r b a t i o n s  caused by a l l  t h e  p l a n e t s  i n  t h e  

S o l a r  System from Venus t o  P l u t o .  

a s i g n i f i c a n t  change i n  t h e  shape and s i z e  of  t h e  o r b i t ,  t h a t  t h e  comet may 

s h i f t  from one p l a n e t a r y  f a m i l y  t o  ano the r ,  and t h a t  a comet may ab rup t ly  

e n t e r  t he  f i e l d  of  v i s i b i l i t y  and become a c c e s s i b l e  t o  observat ion o r ,  on t h e  

o t h e r  hand, may disappear  from t h e  obse rve r ' s  view, Kazimirchak-Polonskaya 

showed t h a t  f o r  hundreds of yea r s  p r i o r  t o  i t s  discovery,  t h e  Lexel l  comet 

moved along a s l i g h t l y  e c c e n t r i c  o r b i t  with a pe r iod  o f  10 yea r s  having a very 

high p e r i h e l i c  d i s t a n c e  equal t o  t h r e e  astronomical u n i t s .  In  1767, t h i s  

comet came within only 0 . 0 2  astronomical u n i t s  of  J u p i t e r  and as  a r e s u l t  of 

i t s  seve re  p e r t u r b a t i o n s  began t o  desc r ibe  an elongated e l l i p s e  around the  Sun 

with a pe r iod  of  5 . 6  y e a r s .  In  1770, t h i s  comet came wi th in  0.015 astronomical 

u n i t s  of  t h e  Ea r th  and was then discovered.  

She showed t h a t  t h i s  may be accompanied by 

Nine yea r s  l a t e r ,  t h e  Lexel l  comet again p e n e t r a t e d  deeply i n t o  t h e  sphere 

of  i n f luence  o f  J u p i t e r ,  coming wi th in  a n e g l i g i b l y  small d i s t a n c e  (0.0015 

astronomical u n i t s )  o f  t h i s  g i g a n t i c  p l a n e t .  I t  was then n e a r  i t s  aphel ion and 

was s t i l l  moving away from t h e  Sun. 

i nc reased  i t s  v e l o c i t y  and a c t u a l l y  expe l l ed  t h i s  comet beyond t h e  l i m i t s  of  

t h e  S o l a r  System. 

The a t t r a c t i o n  o f  J u p i t e r  considerably 

The r o l e  o f  comets i n  t h e  p a s t  was more important ,  when t h e  populat ion of  

t h e  circumsolar  cometary cloud was much g r e a t e r .  Even with the  cu r ren t  excess 
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o f  comets, w e  can expect t h a t  i n  t h e  course of  i t s  h i s t o r y  t h e  Ea r th  has 

c o l l i d e d  with comets no less than 100 times and c o l l e c t e d  var ious organic  

compounds from them on t h e s e  occasions ( O r 6 ,  1965). 

I n  r e a l i t y ,  t h e  number of  encounters of  comets with t h e  Earth and o t h e r  

p l a n e t s  w a s  much g r e a t e r ,  i f  w e  t a k e  i n t o  account t h e  incomparably high l e v e l  

of r i chness  which t h e  circumsolar  cometary cloud enjoyed i n  t h e  p a s t .  

We could p o i n t  out  t h e  fol lowing d a t a  i n  connection with t h e  r o l e  o f  

comets, t h e  ances to r s  of  t h e  most anc ien t  m e t e o r i t i c  substance -- carbonaceous 

chondri tes  -- i n  t h e  o r i g i n  o f  l i f e  i n  t h e  Universe.  

As i n d i c a t e d  by numerous experiments performed by S t u d l e r ,  Hayashi, 

Anders e t  a l . ,  (1968), dea l ing  with t h e  formation o f  complex o rgan ic  compounds 

found i n  carbonaceous chondr i t e s ,  similar compounds a r e  found i n  equ iva len t  

r e a c t i o n s  o f  t h e  Fischer-Tropsch type from t h e  s imples t  hydrocarbons and 

n i t rogen  compounds with t h e  necessary presence of c a t a l y s t s ,  f o r  example of 

even a n e g l i g i b l e  amount o f  m e t e o r i t i c  i r o n ,  and under condi t ions of l o c a l  

b r i e f  hea t ing  t o  temperatures of  about 800-900°K with subsequent r ap id  cooling 

i n  t h e  course of s e v e r a l  hours o r  a t  l e a s t  days.  With longer h e a t i n g ,  t h e  

complex compounds which are formed w i l l  break up. 

We can imagine t h a t  t he  reason f o r  t h i s  overheat ing might be f l a r e s  from /14 
a s t i l l  incompletely formed sun. 

1968 by Hayashi, a s t a r  with t h e  mass of a sun,  immediately a f t e r  i t s  expulsion 

from the  i n t e r s t e l l a r  gas ,  and reaching t h e  s t a g e  of  g r a v i t a t i o n a l  c o l l a p s e ,  

i s  i n i t i a l l y  nontransparent ,  i . e . ,  it t u r n s  i n t o  a globule ,  and i n i t i a l l y  

r a d i a t e s  only a small f r a c t i o n  of i t s  cu r ren t  r a d i a t i o n .  L a t e r ,  a shock wave 

develops wi th in  i t s  mass and, reaching t h e  s u r f a c e ,  produces a l a r g e  f la re ,  

suddenly inc reas ing  t h e  r a d i a t i o n  f l u x  by thousands of t imes.  This i s  
followed by a sha rp  c o l l a p s e  as t h e  s t a r  g radua l ly  e n t e r s  a curve on t h e  main 

sequence and becomes s t a b l e .  This r e s u l t  i s  not  given by o t h e r  c a l c u l a t i o n  

models, and t h e  s t a r  of  s o l a r  mass develops a s t a b l e  condi t ion with comparative- 

l y  s l i g h t  i n c r e a s e  i n  r a d i a t i o n  f l u x  (Herbig, 1967). A t  t h e  same time, w e  

cannot deny the  p o s s i b i l i t y  t h a t  our  Sun, soon a f t e r  i t s  formation, w a s  changed 

by numerous b r i e f  explosions.  

According t o  t h e  c a l c u l a t i o n s  performed i n  
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Another reason f o r  the  b r i e f  overheat ing mentioned above , which appears 

more p robab le ,  l ies  i n  t h e  unavoidable c o l l i s i o n s  between t h e  numerous cometary 

n u c l e i .  
hea t ed  and expanded wi th  subsequent r a p i d  cooling. This meant t h a t  i n  t h e  primary 

circumsolar  nebula  t h e r e  a rose  complex o rgan ic  compounds -- t h e  bases  of  DNA -- 
and t h e  condi t ions were c rea t ed  f o r  t h e  o r i g i n  o f  l i f e .  This process  was 

obviously general  throughout t h e  Universe. 

t h a t  l i f e  developed i n  p a r a l l e l  with t h i s  and on some o t h e r  base,  f o r  'example 

on t h e  b a s i s  of s i l i c o n  compounds o r  o t h e r  elements.  This i s  not supported by 

the  experiments, by the  s tudy of t h e  m a t e r i a l  making up me teo r i t e s  or even by 

our  gene ra l  concepts regarding the  phenomena t ak ing  p l ace  i n  t h e  Universe.  

As t h e  r e s u l t  of  braking,  t hese  comparatively small bodies  were over- 

I t  i s  s c a r c e l y  reasonable  t o  expect 

Thus, a l l  o f  t h e  a v a i l a b l e  d a t a  i n d i c a t e s  t h a t  l i f e  i s  developing and 

changing everywhere i n  t h e  Universe on the  b a s i s  o f  carbon alone.  

Earlier,  w e  d iscussed the  processes  o f  i n t e r a c t i o n  between t h e  var ious 

component p a r t s  of  t h e  galaxy.  However, t h e r e  i s  incomplete p e r i o d i c i t y  i n  

t h e s e  p rocesses .  The Universe i s  continuously expanding , t h e  d i s t ances  between 

ga lax ie s  are i n c r e a s i n g  and t h e  d e n s i t y  of t h e  i n t e r g a l a c t i c  m a t e r i a l  and i t s  

temperature a r e  g radua l ly  decreasing.  I n  a d d i t i o n ,  although t h e  s p i r a l  arms 

a r e  cont inuing t o  remain "frozen" i n  t h e i r  magnetic f i e l d s  and p a r t i c i p a t e  i n  

t h e  general  r o t a t i o n  around t h e  g a l a c t i c  c e n t e r ,  t h e  mass of  t h e  c e n t r a l  

nucleus apparent ly  is  decreasing cons t an t ly  due t o  t h e  continuous e j e c t i o n  o f  

m a t e r i a l .  S t a r  formation is  t ak ing  p l ace  i n  t h e  s p i r a l  arms, bu t  i f  t h e  

massive s t a r s  e x i s t  for a comparatively s h o r t  time and e j e c t  a considerable  

p o r t i o n  of t h e i r  mass i n t o  i n t e r s t e l l a r  space a f t e r  using up t h e i r  supply of 

f u e l  which se rves  t o  maintain nuc lea r  r e a c t i o n s ,  t he  i n t e r s t e l l a r  space w i l l  

be enr iched with heavy elements and a s t a r  of small  mass w i l l  remain i n  a s t a b l e  

cond i t ion ,  gradual ly  changing t o  a white  or even dark dwarf. 

A s  was pointed out e a r l i e r  by Chandrasekar, t h e  s p e c i f i c  mass below which 

t h e  s t a r  remains i n  a s t a b l e  condi t ion and i s  not s u b j e c t  t o  c a t a s t r o p h i c  ex- 

p los ions  amounts t o  1.1 s o l a r  masses. The sma l l e r  t h e  mass of t h e  s t a r  and 

consequently t h e  lower i t s  temperature and i n t e r n a l  p r e s s u r e ,  t h e  l e s s  able  i t  

i s  t o  develop nuc lea r  energy and t h e  slower i t s  evolut ion w i l l  t ake  p l ace  along 

the  curve o f  t h e  main sequence. The lower l e v e l  o f  s t e l l a r  mass, depending on 
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i ts  chemical composition, amounts t o  0.07-0.1 S o l a r  masses. With a mass l e s s  

than t h i s  l i m i t ,  a s t a r  w i l l  not  follow t h e  normal p a t h  of s t e l l a r  evo lu t ion  

and w i l l  simply become a black dwarf o r  small p l a n e t ,  i n  which a c e r t a i n  h e a t -  

i n g  o f  t h e  substance w i l l  be performed by t h e  decay of  ordinary r a d i o a c t i v e  

elements.  The s t r u c t u r e  and evolut ion of  stars o f  very small  mass was s tud ied  

la te r  by Grossman, Grabozhka and o t h e r s .  Kumor f e e l s  t h a t  t h e  i n v i s i b l e  

s a t e l l i t e s  o f  61 Cygni, 2354, Barnard's s t a r  and o t h e r s  a r e  i n  a dwarf s ta te  

of t h i s  kind and a r e  e s s e n t i a l l y  l a r g e  p l a n e t s .  Deych (1967) reached a similar 

conclusion somewhat ear l ie r  on t h e  b a s i s  of  h i s  observat ions conducted a t  t h e  

Pulkovo Observatory.  

I n  gene ra l ,  a large number of such bodies  may be  s a i d  t o  have accumu- 

l a t e d  i n  ou r  galaxy during the  10-15 b i l l i o n  years  of i t s  e x i s t e n c e .  They a r e  

nea r ly  i n a c c e s s i b l e  t o  observat ion and we know o f  t h e i r  ex i s t ence  p r imar i ly  

through t h e i r  t o t a l  g r a v i t a t i o n a l  e f f e c t .  Their  t o t a l  number , according t o  

s e v e r a l  e s t ima tes  , makes up about 40% o f  the  mass o f  our  e n t i r e  galaxy.  I n  t h e  

immediate v i c i n i t y  of t h e  Sun, extending t o  d i s t a n c e s  o f  5 pa r secs  (1 pa r sec  i s  

equal  t o  206,265 astronomical u n i t s ) ,  t h e  overwhelming ma jo r i ty  of s tars  have 

very small masses and consequently a re  of  n e g l i g i b l e  b r i g h t n e s s .  The number 

of black dwarfs t h a t  have been found i s  probably g r e a t e r .  

Hence, as t h e  Universe ages ,  condi t ions f o r  ex i s t ence  o f  l i f e  i n  it become 

less s u i t a b l e .  I t  i s  d i f f i c u l t  t o  say what w i l l  happen i n  the  f u t u r e .  I t  

may be  t h a t  t h e  continuous expansion of  t h e  Universe w i l l  be replaced by con- 

t r a c t i o n ,  a v i o l e t  s h i f t ,  and a l l  the m a t e r i a l  contained i n  i t  w i l l  g r adua l ly  

become heated,  u n t i l  i t  reaches t h e  s ta te  of a hot  gas .  This problem i s  

c l o s e l y  l i nked  t o  t h e  s e l e c t i o n  o f  a cosmological system and has no t  y e t  been 

solved.  
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GENESIS OF LIFE ON AND BEYOND THE EARTH 

A. I .  Oparin 

ABSTRACT: The p o s s i b i l i t y  of  e x t r a t e r r e s t r i a l  l i f e  i s  con- 
s i d e r e d  i n  t h e  l i g h t  of t h e  m a t e r i a l i s t i c  view o f  l i f e  as 
one of t h e  s t a g e s  i n  t h e  genera l  p rocess  of matter develop- 
ment. The merits o f  carbon as t h e  chemical foundat ion of  
l i f e  are d iscussed .  Arguments are presented  i n  f avor  of 
l i f e  ex i s t ence  only on a s i n g l e  type  o f  cosmic body, i . e . ,  
on p l a n e t s  a lone,  t h e  presence of water  be ing  supposed t o  
form t h e  main p r e r e q u i s i t e .  
c a p a b i l i t y  of s p a c e f l i g h t  t o  h e l p  e l u c i d a t e  many of t h e  
moot ques t ions .  

Confidence i s  expressed i n  t h e  

The problem of  l i f e  i n  t h e  Universe has i n t e r e s t e d  t h e  human mind f o r  

many cen tu r i e s .  

Very o f t e n ,  our i deas  concerning t h e  p o s s i b i l i t y  of  l i f e  beyond t h e  Ea r th ,  

and t h e  forms o f  i t  which w e  may encounter  i n  o u t e r  space o r  on o t h e r  heavenly 

bodies  a r e  based only  a s tudy  of  d a t a  on phys ica l  and chemical condi t ions 

e x i s t i n g  on t h e s e  bodies  a t  t h e  p re sen t  t i m e .  However, t h e  inadequacy of  such 

a method f o r  so lv ing  t h e  problem o f  l i f e  i n  t h e  Universe i s  obvious.  

crete forms of l i f e  are t h e  r e s u l t  of  t hose  e x t e r n a l  condi t ions  i n  which they  

develop and grow. The e x t e r n a l  medium forms t h e  organism, c o n s t i t u t i n g  ex- 

t remely complete and f r equen t ly  very complex systems o f  accommodations. If 

t h e r e  were no l i f e  on our  p l a n e t  ou t s ide  t h e  ocean ( land p l a n t s  and animals) , 
it would be very d i f f i c u l t  t h e o r e t i c a l l y  t o  imagine t h e  p o s s i b i l i t y  of such 

l i f e .  

Con- 

The s o l u t i o n  of  t h e  problem of  l i f e  i n  t h e  Universe not  only c o n s i s t s  of 

determining whether or no t  t h e  type  of l i v i n g  forms which w e  know could l i v e  

on a given heavenly body under t h e  condi t ions  e x i s t i n g  on it a t  t h e  p re sen t  

t i m e ,  bu t  r a t h e r  of determining whether o r  no t  i n  t h e  process  of  i t s  evolu t ion  

t h e r e  w a s  a p o s s i b i l i t y  of t h e  development and growth of  t h e  type o f  complex 

form o f  motion of  matter which w e  ca l l  l i f e .  Every heavenly body, e s p e c i a l l y  

any p l a n e t ,  develops i n  t h e  course o f  i t s  ex i s t ence  and t h e  condi t ions which 

a r e  c h a r a c t e r i s t i c  o f  it a t  t h e  p re sen t  t i m e  a r e  by no means permanent. A t  a 
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c e r t a i n  s t a g e  of  development of  a p l a n e t ,  it may be  sub jec t ed  t o  cond i t ions  

which are favorable  f o r  the development o f  l i f e ,  which then comes i n t o  e x i s t -  

ence and gradual ly  assists i n  t h e s e  changes. 

Hence, our i d e a s  regarding t h e  p o s s i b i l i t y  of l i f e  beyond t h e  Earth and 

i t s  concrete  forms must be  i r r e v o c a b l y  l inked t o  t h e  s tudy  o f  t h e  e n t i r e  process  

o f  development of  matter. 

t h a t  t h e  development of l i f e .  on Earth w a s  no "happy accident".  

of l i f e  i s  an inhe ren t  p a r t  of  t h e  e n t i r e  o r d e r l y  p rocess  of development o f  

t h e  Universe, i n  which each subsequent s t a g e  is  i n h e r e n t l y  l i nked  t o  t h e  

preceding and may be understood only i n  the  l i g h t  of  a s tudy o f  t h a t  preceding 

s t a g e .  

A t  t h e  p re sen t  t i m e ,  i t  has  become abso lu te ly  c l e a r  

The development 

I n  t r y i n g  t o  g e t  an i d e a  of  t h e  gene ra l  p i c t u r e  of t h e  development o f  t h e  

Universe from t h e  evo lu t ion  of t h e  elements and p r i o r  t o  t h e  development of 

t h ink ing  matter ,  we must f r e e  ourselves  of  t h e  i d e a  t h a t  t h i s  evo lu t ion  

followed some s i n g l e  s t r a i g h t  l i n e .  I t  has followed and i s  following a t  t h e  

p r e s e n t  time d i f f e r e n t  paths  on d i f f e r e n t  c e l e s t i a l  o b j e c t s .  Therefore ,  w e  

can th ink  of  i t  schematical ly  as a system o f  p a r a l l e l  o r  divergent  pa ths ,  whose 

i n d i v i d u a l  branchings may l ead  t o  very complex and complete forms of movement 

of matter. We s t i l l  do no t  know anything about many of t h e s e  forms, and i n  

many cases are not  even aware of  t h e i r  ex i s t ence .  But i t  i s  impossible t o  

accept as c o r r e c t  t h e  c u r r e n t l y  r a t h e r  widespread tendency t o  immediately view 

a l l  o f  t h e s e  forms as l i f e  even i n  t h e  case when t h e r e  i s  a b a s i s  f o r  assuming 

t h a t  t h e  development and growth o f  t h i s  form took p l a c e  along t h e o r e t i c a l l y  

d i f f e r e n t  pathways than those  followed by l i f e  i n  t h e  course of i t s  development 

he re  on Ea r th .  

Thus, f o r  example, we f r equen t ly  r e a d  i n  t h e  popular  l i t e r a t u r e  ar t ic les  

about t h e  p o s s i b i l i t y  o f  t h e  ex i s t ence  o f  l i fe ,  whose b a s i s  i s  not  carbon but 

s i l i c o n .  This i d e a  i s  based only on t h e  fact  t h a t  t h e  two elements are loca ted  

c l o s e  toge the r  i n  the  p e r i o d i c  t a b l e  o f  t h e  elements.  However, as was demon- 

s t r a t e d  on t h e  b a s i s  of s t u d i e s  of  molecular o r b i t s  by s .  and A .  Pullman (1964), 

s i l i c o n  can n e i t h e r  adopt an in t r amolecu la r  s t r u c t u r e  which i s  c h a r a c t e r i s t i c  of 

o rgan ic  biopolymers n o r  can those  r e a c t i o n s  t a k e  p l ace  which a r e  necessary f o r  

t h e  development of  b i o l o g i  c a l  metabolism . 

- /18 
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As a ma t t e r  of f a c t ,  under t e r r e s t r i a l  condi t ions s i l i c o n  compounds 

cannot be compared with t h e  o rgan ic  substances which gave r ise  t o  l i f e .  

F i n a l l y  , w e  can assume t h a t  under d i f f e r e n t  cond i t ions  which are completely 

unknown t o  u s ,  t h e  evo lu t ion  of s i l i c o n  compounds took p l a c e  under completely 

d i f f e r e n t  condi t ions than on Ea r th  and l ed  t o  t h e  development of very complete 

forms o f  movement o f  matter. However, i f  t h i s  r e a l l y  d i d  t ake  p l a c e  somewhere, 

why i s  it  abso lu te ly  necessary t o  regard t h e s e  forms as l i f e ?  

Life  i s  t h e  r e s u l t  of  only one of t h e  above mentioned numerous branches 

of  m a t e r i a l  development. I t  i s  cha rac t e r i zed  by i t s  own s p e c i f i c  pathways of 

growth and development, pathways which a r e  l i nked  t o  t h e  evo lu t ion  of carbon 

compounds. 

We can assume a p r i o r i  t h a t  t h e  o r i g i n a l  substances f o r  t h i s  evo lu t ion ,  

e s p e c i a l l y  the hydrocarbons and t h e i r  n e a r  d e r i v a t i v e s  which form the  b a s i s  of 

a l l  o rgan ic  l i f e ,  must be very widely d i s t r i b u t e d  through the  Universe. On the  

one hand, t h i s  i s  d i c t a t e d  by t h e  exc lus ive  q u a n t i t a t i v e  predominance of 

hydrogen i n  the  cosmos and on t h e  o t h e r  hand t h e  f a c t  t h a t  no s p e c i f i c  con- 

d i t i o n s  ( f o r  example , explosions of supernovae) a r e  r equ i r ed  f o r  t h e  developT 

ment of  carbon ( i n  c o n t r a s t  t o  heavy elements) .  I t  took p l a c e  i n  t h e  s t a b l e  

process of s t e l l a r  r a d i a t i o n  (Meri 11, 1959). Hence, hydrogen may a c t u a l l y  be 

detected when s tudying t h e  s p e c t r a  of  a l l  c l a s s e s  of  s tars ,  e s p e c i a l l y  the  

o l d e s t  branches of  t h e  s t e l l a r  populat ion and our galaxy. I n  s t e l l a r  atmos- 

pheres which have t h e  h ighes t  temperatures ,  condi t ions do e x i s t  f o r  t h e  

formation o f  chemical compounds, but  hydrocarbon bands appear with eve r  i n -  

c r eas ing  c l a r i t y  i n  t h e  s p e c t r a  of type A s t a r s  and i n  a l l  subsequent t ypes .  

I n  p a r t i c u l a r ,  t h e  atmosphere o f  our Sun contains  compounds of carbon with 

hydrogen, as w e l l  as with n i t rogen  (cyan) (von Klueber, 1931). 

Hence, hydrogen compounds are very widely spread over t h e  su r faces  o f  stars 

with temperatures of  s e v e r a l  thousands of degrees and very high g r a v i t a t i o n .  

However, w e  can a l s o  f i n d  hydrocarbons i n  o t h e r  d i v e r s e  ob jec t s  i n  space,  under 

much d i f f e r e n t  cond i t ions  of e x i s t e n c e ,  f o r  example i n  clouds o f  i n t e r s t e l l a r  

gas and d u s t  material, with extremely low g r a v i t a t i o n  and temperatures  c lose  t o  

abso lu t e  zero (Bates and S p i t z e r ,  1951). 
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/ 19 Consequently, t h i s  o r i g i n a l  carbon material , which w a s  necessary f o r  t h e  - 
development both of  our t e r r e s t r i a l  l i f e  and f o r  i t s  analogs on o t h e r  heavenly 

bodies ,  i s  found everywhere; i t s  absence cannot s e r v e  as an o b s t a c l e  t o  t h e  

formation of l i f e ,  and t h e  e n t i r e  ques t ion  b o i l s  down t o  how t h i s  material 

evolved f u r t h e r  on a s p e c i f i c  o b j e c t  i n  space .  

On t h e  su r face  o f  our p l a n e t ,  t he  o r i g i n a l  hydrocarbons and cyanides,  as 

w e l l  as t h e i r  c lose  oxygen, n i t rogen ,  sulphur  and phosphorus d e r i v a t i v e s  , 
using e x t e r n a l  sources  of energy ( f o r  example , u l t r a v i o l e t  l i g h t  , e lec t r ica l  

d i scha rges ,  l o c a l  hea t ing )  g radua l ly  changed i n t o  more and more complex o rgan ic  

substances,  f i rs t  i n t o  such monomers as ( f o r  example) amino a c i d s ,  n i t rogen  

bases ,  sugar ,  and then t h e i r  polymers, such as p r o t e i n s  and n u c l e i c  a c i d s .  

The combination of t h e s e  polymers i n t o  multimolecular systems and subsequent 

evo lu t ion  o f  t h e s e  systems , based on t h e i r  p r e b i o l o g i c a l  n a t u r a l  s e l e c t i o n ,  

took p l ace  i n  t h e  same fashion as  t h e  formation of probionts  and eobionts  took 

p l ace ;  t h e  l a t t e r  are the  ances to r s  o f  a l l  l i f e  on Earth (Oparin, 1966). 

I t  i s  understood t h a t  t h i s  kind o f  sequence of  evo lu t ion  of carbon com- 

pounds may t ake  p l a c e  only under t h e  condi t ions o f  a comparatively narrow 

framework o f  e x t e r n a l  condi t ions:  temperature,  g r a v i t a t i o n ,  l i g h t  , e t c .  I n  

p a r t i c u l a r ,  f r e e  water i n  t h e  ambient environment i s  o f  p a r t i c u l a r  importance.  

The ma jo r i ty  o f  l abora to ry  experiments which s imula t e  t h e  i n d i v i d u a l  s t a g e s  of  

t h e  evolut ionary process  o f  organic  substances and t h e  multimolecular systems 

which develop i n  them t h a t  we have mentioned above have involved t h e  necessary 

p a r t i c i p a t i o n  of water (Pavlovskaya, Pasynskiy, 1964). I t  i s  t r u e  t h a t  Fox 

et  a l .  (Harada, Fox, 1964) synthesized amino ac ids  from p r i m i t i v e  gases i n  

l abora to ry  experiments s imula t ing  vo lcan ic  cond i t ions .  Fox e t  a l .  (1959) 

succeeded, by hea t ing  a mixture of  amino ac ids  

t h e i r  high-molecular polymers, t h e  s o - c a l l e d  p r o t e i n o i d s  , i n  t h e  absence of  

water .  However, according t o  Fox, f u r t h e r  evo lu t ion  of  t h e s e  substances i n -  

volves t h e  formation of microspheres and must n e c e s s a r i l y  t a k e  p l ace  under 

condi t ions of an aqueous medium. 

t o  150-180°, i n  syn thes i z ing  

I t  is  c l e a r  t h a t  t h e  na tu re  of  t h e  development of  cosmic o b j e c t s  from 

s t e l l a r  and i n t e r s t e l l a r  gas and dust  m a t e r i a l  d i f f e r s  e s s e n t i a l l y  from a l l  
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o f  t h a t  which is  r equ i r ed  f o r  t h e  development of l i f e  on Ea r th .  Hence, w e  

must l i m i t  our attempts a t  looking f o r  suggested e x t r a t e r r e s t r i a l  l i f e  t o  t h e  

l i m i t s  of t h e  p l a n e t a r y  systems. 

However, t h e s e  systems cannot be formed without t h e  p a r t i c i p a t i o n  of 

heavy elements which developed much la te r  than  t h e  f i rs t  accumulations of 

s t e l l a r  populat ion of  our galaxy. Bodies of  s u f f i c i e n t l y  g r e a t  mass, l i k e  - /20 

stars, may be formed exc lus ive ly  from l i g h t  elements,  even almost completely 

from pure hydrogen. I n  a l l  p r o b a b i l i t y ,  t h i s  was a l s o  t h e  case a t  t h e  very 

beginning o f  ex i s t ence  of t h e  g a l a c t i c  system. Such a mass is completely 

s t a b l e  and with s u f f i c i e n t  d e n s i t y  i n  i t ,  very simple thermonuclear r eac t ions  

involving t h e  change of hydrogen t o  helium t a k e  p l a c e ,  s e r v i n g  as t h e  source 

of s t e l l a r  energy. 

t h e  s i z e  of  our  Ea r th  t h a t  i s  completely formed o f  pure hydrogen, s i n c e  t h e  

mass of  t h e s e  bodies  is i n s u f f i c i e n t  t o  keep t h e  hydrogen from d i s s i p a t i n g  i n t o  

space.  From t h i s  we can conclude t h a t  during t h e  f i r s t  b i l l i o n s  of years  of 

ex i s t ence  o f  our  galaxy,  when heavy elements had not  y e t  been formed i n  
s u f f i c i e n t  amounts i n  i t ,  p l a n e t a r y  systems analogous t o  those e x i s t i n g  a t  t h e  

p re sen t  time could not have e x i s t e d  and consequently t h e r e  could n o t  have been 

l i f e  which developed i n  t h e  course of t h e  evo lu t iona ry  process  o f  t hese  p l a n e t s .  

But i t  i s  completely impossible f o r  t h e r e  t o  be a body with 

Hence, we must conclude t h a t  t h e  development of  l i f e  i n  t h e  Universe i s  

l i m i t e d  only t o  t h e  l i m i t s  of  p l ane ta ry  systems o f  s tars  o f  r a t h e r  l a t e  t ypes ,  

a l r eady  possessing a l l  o f  t h e  elements i n  t h e  p e r i o d i c  t a b l e .  

However, even wi th in  t h e  l i m i t s  of  p l a n e t a r y  systems, by no means a l l  o f  

t h e i r  members could develop under condi t ions t h a t  would ensure t h e  p o s s i b i l i t y  

of development of  l i f e  upon them. 

of  t h e  substance from which a p a r t i c u l a r  p l a n e t  o r  a s t e r o i d  was formed as w e l l  

as with t h e i r  dimensions, d i s t a n c e  from t h e  c e n t r a l  luminary, l e v e l  of radio-  

a c t i v i t y ,  and s o  f o r t h .  

This has  t o  do both w 2 t h  t h e  chemical na tu re  

According t o  the  c a l c u l a t i o n s  o f  Brown (1964), thousands of v i s i b l e  stars 

may have p l a n e t a r y  systems, with an average of  two p l a n e t s  i n  a zone where the  

condi t ions of temperature and i l l u m i n a t i o n  a r e  s u i t a b l e  f o r  the development 

of l i f e .  If t h e i r  Sun, as po in ted  out  by Bernal (1967), i s  l a r g e r  o r  h o t t e r  
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than ou r s ,  such p l a n e t s  would be  loca ted  a t  a g r e a t e r  d i s t a n c e  from i t ,  and a t  

least  one o f  them w i l l  n e c e s s a r i l y  have t o  s a t i s f y  a l l  t h e  r equ i r ed  cond i t ions .  

We can s t a t e  with less c e r t a i n t y  t h a t  t h e  dimensions of  such p l a n e t s  w i l l  be 

s u i t a b l e  f o r  t h e  development o f  a f r e e  hydrosphere,  bu t  t h e  p r o b a b i l i t y  of 

ex i s t ence  o f  t h i s  condi t ion i s  very s i g n i f i c a n t .  Fu r the r ,  Bernal comes t o  t h e  

conclusion t h a t  t h e  i n i t i a l  development of  l i f e  may have t aken  p l ace  i n  our  

galaxy a t  least 10 b i l l i o n  times. 

Even i f  w e  consider  t h i s  number t o  be t o o  high and reduce it by s e v e r a l  

orders  o f  magnitude , i t  becomes t h e o r e t i c a l l y  necessary t o  recognize t h e  high 

p r o b a b i l i t y  of a very broad d i s t r i b u t i o n  of  l i f e  throughout t h e  Universe,  

beyond t h e  l i m i t s  o f  our p l a n e t .  However, r e g a r d l e s s  o f  such a f a c t ,  as of  

t h e  p r e s e n t  time we have s t i l l  been unsuccessful  i n  d e t e c t i n g  any r e l i a b l e  

s i g n s  of  l i f e  o u t s i d e  t h e  Earth (not  only l i v i n g  organisms, but  t h e i r  remains 

o r  s i g n s  of l i f e )  both on t h e  s c a l e  of  t he  Universe o r  w i th in  the l i m i t s  of - / 2 1  

our p l a n e t a r y  system. However, w i th in  the  framework of t h e  l a t t e r ,  we do have 

some a c t u a l  m a t e r i a l  which suggests  t h a t  on some e x t r a t e r r e s t r i a l  o b j e c t s ,  as  

he re  on Ea r th ,  evo lu t ion  o f  carbon compounds has taken p l a c e ,  although we s t i l l  

do no t  know how fa r  i t  may have advanced i n  i n d i v i d u a l  ca ses .  

I t  i s  usua l ly  assumed t h a t  both the  Earth and t h e  o t h e r  p l a n e t s  i n  ou r  

system were formed from a m a t e r i a l  t h a t  composed a d i s c o i d a l  cloud o f  gas and 

d u s t ,  which a t  one t i m e  surrounded our luminary. According t o  Brown (1950), 

a l l  of t h e  substances t h a t  made up t h i s  cloud can be d iv ided  i n t o  t h e  following 

t h r e e  groups.  

gases ,  which r e t a i n  t h e i r  gaseous s t a t e  a t  temperatures c l o s e  t o  absolute  zero.  

Then we must c r e a t e  t h e  ' l icet '  group, including those substances which were 

formed from carbon, n i t rogen ,  oxygen (plus hydrogen) , as well  as t hose  l i k e  

ammonia, methane and water .  F i n a l l y ,  t h e r e  i s  a group which we s h a l l  con- 

d i t i o n a l l y  r e f e r  t o  as "Earth", made up of compounds of s i l i c o n ,  magnesium, 

i r o n  and o t h e r  elements.  

The s o - c a l l e d  gas group inc ludes  hydrogen, helium and the  noble 

The temperature of t h i s  p ro top lane ta ry  cloud was considerably dependent 

on t h e  one hand on s o l a r  r a d i a t i o n  and on t h e  o t h e r  hand on the  loss  of  hea t  

by t h e  clouds through r a d i a t i o n  i n t o  i n t e r s t e l l a r  space.  Therefore ,  i t s  
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temperature d i f f e r e d  considerably a t  t h e  per iphery and i n  t h e  c e n t r a l  , a r eas .  

This f a c t  was a l s o  i n d i c a t e d  by t h e  r e d i s t r i b u t i o n  of substances i n  t h e  

d i s c o i d a l  clouds during t h e  formation o f  p l a n e t s  i n  it (Whipple, 1964). 

Close t o  t h e  per iphery,  where i n t e n s i v e  cooling was t ak ing  p l a c e ,  t h e  

substances of  t h e  "ice" group condensed a t  high speed, "froze" i n t o  "Earth" 

p a r t i c l e s ,  forming so -ca l l ed  cometesimalia. 

J u p i t e r  and f u r t h e r  toward t h e  per iphery,  t he  gas ,  dust  and cometesimalia 

r ap id ly  combined i n t o  t h e  major p l a n e t s ,  and p a r t l y  i n t o  comets, which formed 

at  t h e  l i m i t  of our p l a n e t a r y  system under condi t ions of a nea r ly  i n t e r s t e l l a r  

medium. 

In t h e  v i c i n i t y  of  t h e  o r b i t  of  

A confirmation of t h e  above i s  found i n  t h e  excessive content o f  such 

substances as methane and ammonia i n  t h e  composition of t h e  major p l a n e t s .  

O f  course,  we cannot exclude t h e  p o s s i b i l i t y  t h a t  t h e r e  was a f u r t h e r  evo lu t ion  

of  t hese  substances,  with t h e i r  t ransformation i n t o  more complex organic  com- 

pounds. This i s  ind ica t ed  p a r t i c u l a r l y  by t h e  discovery on J u p i t e r  of t h e  

s o - c a l l e d  "red spot ' ' ,  which i s  a constant  p a r t  of  t h e  p l ane ta ry  atmosphere. 

I t  is assumed t h a t  i t s  co lo r  i s  caused by the  presence of  complex and r a t h e r  

high-molecular carbon compounds (Bernal , 1964) . 
However, t he  considerable  d i f f e r e n c e  between t h e  condi t ions which e x i s t  on 

t h e  major p l a n e t s  and those which we have on Earth makes i t  h igh ly  l i k e l y  t h a t  

evo lu t ion  of  organic  compounds could t ake  p l ace  i n  those areas  of  t he  s o l a r  - /22 

system along t h e  same pathways as on our  p l a n e t .  I n  a d d i t i o n ,  i t  i s  sca rce ly  

poss ib l e  t o  think of comets as being hosp i t ab le  t o  l i f e .  However, t h e  carbon 

compounds which a r e  included i n  t h e i r  composition ( e s p e c i a l l y  cyanogen) , being 

found on Ea r th ,  could s e r v e ,  as s t a t e d  by Oro (1965), as ma te r i a l  f o r  t h e  

syn thes i s  o f  b i o l o g i c a l l y  important organic  substances on the  s u r f a c e  of  our 

p l a n e t .  

The o r i g i n a l  ma te r i a l  f o r  t h e  formation o f  p l a n e t s  of t h e  Earth type 

took p l ace  d i f f e r e n t l y  than a t  t h e  per iphery of  t h e  d i s c o i d a l  cloud. 

areas comparatively c lose  t o  t h e  Sun, t h e  gas component of t h e  cloud was 

nea r ly  completely gone, "ice" was r e t a i n e d  only p a r t i a l l y ,  and t h e  p r i n c i p a l  

m a t e r i a l  was t h a t  i n  t h e  "Earth" group. 

I n  these  

The accumulation o f  d u s t  p a r t i c l e s  
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composed of  t h i s  material l e d  t o  t h e  formation of so -ca l l ed  p l ane te s ima l i a  -- 
small bodies t h a t  incorporated a l l  of t h e  n o n v o l a t i l e  substances of  t h e  primary 

cloud, as well as a small amount of  components from t h e  rricer '  group. Further  

combination of t h e  p l a n e t e s i m a l i a  l e d  t o  t h e  formation of  t h e  p l a n e t s  o f  t h e  

Earth types as  well as t h e  a s t e r o i d s  -- small cosmic bodies  formed i n  our 

p l a n e t a r y  system between t h e  o r b i t s  of Mars and J u p i t e r .  

According t o  an opinion which i s  widely held a t  t h e  p r e s e n t  time, t h e  

a s t e r o i d s  themselves o r  o t h e r  comparatively small b i t s  of  matter (measuring 

100-1,000 km i n  r a d i u s )  served as the  "ances t r a l  bodies" f o r  the formation o f  

var ious types o f  me teo r i t e s  t he  only ones a v a i l a b l e  p r i o r  t o  t h e  s tudy  of t h e  

luna r  samples c o l l e c t e d  by "Apollo-11" (Ponnamperuma, 1970) , samples of  e x t r a -  

terrestr ia l  matter which w e  can now sub jec t  not  only t o  chemical b u t  a l s o  t o  

mineralogical  a n a l y s i s ,  making it  poss ib l e  f o r  us t o  g e t  a b e t t e r  i d e a  of 

t h e  cosmic h i s t o r y  of carbon compounds (Mueller, 1967). 

A study of  t he  var ious r a d i o a c t i v e  i so topes  p re sen t  i n  me teo r i t e s  makes 

it p o s s i b l e  t o  da t e  i n d i v i d u a l  events  i n  t h e i r  h i s t o r y .  

heavy elements included i n  t h e i r  composition i s  t h e  same as t h a t  of o t h e r  

bodies i n  t h e  S o l a r  System. 

the  me teo r i t e  substance i s  reckoned on t h e  b a s i s  of a s tudy of t h e  l ead ,  

rubidium and s t ron t ium i s o t o p e s  t o  be 4 . 5  b i l l i o n  y e a r s .  

l o s s  of c e r t a i n  v o l a t i l e  radiogenic  isotopes i n d i c a t e s  t h a t  a po r t ion  o f  t h e  

substance o f  t he  me teo r i t e  ma te r i a l  was a t  a comparatively high temperature f o r  

a s h o r t  t ime. The so -ca l l ed  cosmic age of t h e  me teo r i t e s  , i . e .  , t h e  time which 

passed from t h e  moment of  t h e i r  formation from the  a n c e s t r a l  bodies as a r e s u l t  

of c o l l i s i o n  of  t h e  l a t t e r  or i n  t h e  process  of explosive volcanism, i s  

determined t o  be  only t e n s  o r  hundreds of m i l l i o n s  of y e a r s .  Regu la r i t i e s  i n  

t h e  composition and i n t e r n a l  s t r u c t u r e  o f  me teo r i t e s  i n d i c a t e  d i f f e r e n t  con- 

d i t i o n s  of  formation of d i f f e r e n t  groups of me teo r i t e s  and t h e i r  formation 

from d i f f e r e n t  zones of t he  o r i g i n a l  bodies  t h a t  formed them, which were of 

a s t e r o i d  s i z e .  

The growth of t h e  

The time which has passed s i n c e  t h e  hardening of 

The magnitude of  

The carbon compounds i n  which we a re  i n t e r e s t e d  a r e  found i n  many meteor- /23 
i t e s ,  b u t  a r e  p a r t i c u l a r l y  p l e n t i f u l  i n  t h e  carbonaceous chondr i t e s ,  i n  which 

(according t o  Vdovykin, 1967) they make up up t o  5-7% of  t h e  organic  substance.  
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A l l  carbonaceous chondr i tes  c o n s i s t  of a mixture of mineral  g ra ins  

(chondrules) , which can only be formed a t  high temperatures ,  and a p r i n c i p a l  

mass which w a s  never  hea ted  above 100-300° a l l  through t h e  cosmic h i s t o r y  of 
t h e s e  me teo r i t e s .  

phases s t i l l  cannot be  considered explained,  bu t  t h e  ma jo r i ty  o f  au thors  feel 

t h a t  carbonaceous chondr i tes  correspond t o  t h e  substance of  t h e  upper zones of 

t h e  a n c e s t r a l  a s t e r o i d  bodies .  

The mechanism of mixing of such h igh  and low temperature 

A t  t h e  p r e s e n t  t i m e ,  t h e  carbon substance of  carbonaceous chondr i tes  has  

been s t u d i e d  and analyzed i n  d e t a i l  by many i n v e s t i g a t o r s .  

var ious  organic  compounds, which a r e  a l s o  known under o u r  terrestr ia l  con- 

d i t i o n s .  

p a r a f f i n s  and cycloalkanes.  In  t h i s  connect ion,  we should a l s o  mention the  

aromatic  compounds o f  t h e  benzene s e r i e s  and t h e  mul t inuc lea te  hydrocarbons -- 
phenanthrenes , pyrenes , chrysenes.  

type  have been i d e n t i f i e d  i n  many carbonaceous chondr i tes .  Among t h e  l a t t e r  , 
ac ids  with an even number of  carbon atoms i n  t h e  chain predominate.  Carbon- 

aceous chondr i tes  a l s o  conta in  su l fu rous  d e r i v a t i v e s  of  hydrocarbon (he te ro-  

c y c l i c  compounds of th iophenes) .  

They have found 

These c o n s i s t  p r imar i ly  of  hydrocarbons of  t h e  C15-C29 s e r i e s ,  

Aromatic and f a t t y  ac ids  of  t h e  CnHZnO2 

As f a r  a s  b i o l o g i c a l l y  important compounds a r e  concerned , carbonaceous 

chondr i tes  have been found t o  conta in  amino ac ids  , e s p e c i a l l y  s e r i n e  , glycene , 
a lan ine  , l euc ine ,  t r eon ine ,  asparagenic  and g lu taminic  ac ids1 .  Anadine 

d e r i v a t i v e s  have a l s o  been found i n  meteor i tes  : melamine , ammeline , adenine 

and guanine,  with t h e  l a s t  two p lay ing  an important  r o l e  i n  t h e  syn thes i s  o f  

n u c l e i c  ac ids .  F ina l ly  , t oge the r  with f a t t y  ac ids  , carbonaceous chondri tes  

have been found t o  conta in  carbohydrates  ( i n  p a r t i c u l a r ,  mannose). 

Recently,  Nagy e t  a l .  (1961) made an at tempt  t o  t r e a t  o rganic  substances 

of carbonaceous chondr i tes  as  t h e  r e s u l t  of v i t a l  a c t i v i t y  o f  l i v i n g  substances 

t h a t  l i v e d  upon them o r  on t h e i r  a n c e s t r a l  a s t e r o i d s  a t  one t ime.  The authors  

t r y  t o  support  t h i s  view by po in t ing  out t h a t  t h e  meteor i tes  had been found 

t o  conta in  s t r u c t u r e s  ("organized elements") which could have been t h e  remains 

I However, i n d i c a t i o n s  have been found r e c e n t l y  t h a t  t h e s e  substances were 
introduced from ou t s ide  during ana lys i s  of  t h e  me teo r i t e s .  
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of e x t r a t e r r e s t r i a l  l i f e  forms. However, t h i s  opinion w a s  overturned by many 

i n v e s t i g a t i o n s  (Anders, F i t c h ,  1962) which showed t h a t  . t he  "organized ele- 

ments" of Nagy had no r e l a t i o n s h i p  t o  l i v i n g  s t r u c t u r e s  and r ep resen ted  mainly 

mineral  p a r t i c l e s ,  while  i n  o t h e r  cases t h a t  were comparatively rare they were 

t h e  r e s u l t s  of accumulation of  terrestr ia l  microbes, which could have pene- - /24 
t r a t e d  deep i n t o  t h e  cracks of  t h e  me teo r i t e s  even p r i o r  t o  t h e i r  f a l l .  

I n  add i t ion ,  t h e  abiogenic na tu re  of  t h e  m e t e o r i t i c  organics  i s  supported 

by many f a c t s  which were determined through c a r e f u l  a n a l y s i s ;  c e r t a i n  cha rac t e r -  

i s t ics  o f  t h e i r  chemical composition, t h e  absence of  o p t i c a l  a c t i v i t y ,  t h e  

i s o t o p i c  composition of  t h e  carbon and hydrogen, as well as t h e  n a t u r e  o f  t h e  

d i s t r i b u t i o n  o f  t h e  carbon compounds. 

Hence, using t h e  example of  carbonaceous chondr i t e s ,  we can say t h a t  

under condi t ions which d i f f e r  s i g n i f i c a n t l y  from those  on E a r t h ,  carbon com- 

pounds could have evolved w i t h i n  r a t h e r  wide l i m i t s  and could have been changed 

t o  those complex o rgan ic  substances which on Earth have served as m a t e r i a l  

f o r  t h e  formation of  l i f e .  

However, t h i s  evo lu t ion  has  not  l e d  t o  t h e  development o f  l i f e .  The 

reasons f o r  t h i s  are very numerous. However, i n  t h e  opinion of Muel ler ,  t h e  

most important one was "drought" - -  t h e  absence of f r e e  water  on t h e  me teo r i t e s  

o r  on t h e  bodies  which gave r i s e  t o  them. We f i n d  only water t h a t  i s  l inked 

with hydrated rocks i n  t h e  composition of carbonaceous chondr i t e s .  

The most important problem i n  determining t h e  minimum condi t ions which 

a r e  r equ i r ed  f o r  t h e  development of l i f e  i s  t h e  r o l e  of  water i n  t h e  cosmic 

h i s t o r y  of "ances t r a l  bodies? '  (Mueller, 1967). Judging by t h e  f a c t  t h a t  a l l  

me teo r i t e s  lack t y p i c a l  p r e c i p i t a t e d  s t r u c t u r e s  and a l s o  contain g r a i n s  of 

o l i v i n e  and o t h e r  r e a d i l y  hydrolyzed s i l i c a t e s ,  f r e e  water must have e x i s t e d  

during t h e  e n t i r e  cosmogonic h i s t o r y  of t h e  " a n c e s t r a l  bodies" f o r  only a very 

s h o r t  t ime,  no more than decades o r  c e n t u r i e s  a t  most. 

The Mueller "drought" could have a similar negat ive s i g n i f i c a n c e  f o r  t h e  

development o f  l i f e  on o t h e r  heavenly bodies loca t ed  i n  t h e  v i c i n i t y  of our  

p l a n e t ,  e s p e c i a l l y  our n a t u r a l  s a t e l l i t e ,  t h e  Moon, and t o  a c e r t a i n  degree on 

t h e  p l a n e t  Mars. 
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I t  i s  t r u e  t h a t  Bernal p o i n t s  ou t  t h a t  wa te r  can be kept  beneath t h e  

permafrost  l a y e r  o r  i n  f rozen mixtures o f  d u s t  and i c e ,  which prevent  i t s  

evaporat ion,  as is  t h e  case f o r  t h e  b & i s  o f  c e r t a i n  immobile g l a c i e r s  i n  

An ta rc t i ca ;  he t h e r e f o r e  suggests  t h a t  i t  i s  p o s s i b l e  f o r  water  t o  e x i s t  

bkneath many of t h e  luna r  c r a t e r s .  

O f  course,  t h i s  i s  only a suggest ion,  and it i s  q u i t e  l i k e l y  t h a t  even if 

t h e r e  are carbon compounds on t h e  Moon (although none have y e t  been found i n  

t h e  analyses  o f  t h e  s u r f a c e  l a y e r  of  l una r  dust)  (Ponnamperuma, 1970), t h e i r  

evo lu t ion  has no t  proceeded f u r t h e r  than w e  can d e t e c t  by me teo r i t e s .  

The photographs of  Mars t h a t  were publ ished i n  1965, taken with t h e  a i d  

of  t h e  Mariner i n t e r p l a n e t a r y  automatic s t a t i o n ,  i n d i c a t e  t h a t  even on t h i s  

/ 25 p l a n e t ,  with a diameter of  6,620 km, t h e  c r a t e r s  which are c h a r a c t e r i s t i c  of - 
t h e  Moon a r e  predominant, and depos i t s  of water are e i t h e r  completely absent 

o r  a r e  found i n  extremely small amounts. However, many i n v e s t i g a t o r s  of Mars 

have reached the  conclusion t h a t  t h e r e  a r e  "moist areas" on i t  o r  even very 

small and narrow watercourses on the s u r f a c e  of  t h e  i c e  coa t ing  o r  beneath i t .  

In  t h i s  connection, we can suggest  t h a t  evo lu t ion  o f  carbon compounds has  

taken p l ace  on Mars t o  a much g r e a t e r  degree than on t h e  a s t e r o i d s  o r  t he  Moon. 

The f a c t  t h a t  Sinton (1959) has observed bands which a r e  c h a r a c t e r i s t i c  

of o rgan ic  molecules i n  t h e  i n f r a r e d  r e f l e c t e d  l i g h t  from Mars i s  very i n t e r -  

e s t i n g  from t h i s  s t andpo in t ;  t h e s e  bands a r e  c h a r a c t e r i s t i c  only of  t he  dark 

a reas  of  t h e  p l a n e t  and are missing on i t s  b r i g h t  s e c t i o n s .  Colthup (1961) 

i n t e r p r e t s  t h e s e  bands as an i n d i c a t i o n  o f  t he  presence on Mars of  organic  

aldehydes,  e s p e c i a l l y  acetaldehyde, which could develop he re  through t h e  

metabolism of  anaerobic  organisms, i n  a f a sh ion  s imilar  t o  t h a t  i n  which they 

develop a t  a c e r t a i n  s t a g e  of a l c o h o l i c  f e rmen ta t ion .  However, Young e t  a l .  
(1964) performed model experiments which demonstrated t h e  p o s s i b i l i t y  of 

abiogenic  formation o f  o rgan ic  substances and t h e i r  polymers on Mars. I n  a 
chamber which was s p e c i a l l y  cons t ruc t ed  f o r  t h i s  purpose,  with appropr i a t e  

temperature ,  u l t r a v i o l e t  r a d i a t i o n  and l imon i t e  i n  t h e  form of s o i l ,  t h e r e  w a s  

considerable  f i x a t i o n  of C 0 2  and t h e  formation o f  acetaldehydes and va r ious  

suga r s  (pentose and hexose).  
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I n  t h e  opinion o f  t h e s e  authors  , organic  substances synthes ized  abio-  

gen ica l ly  i n  t h e  Martian atmosphere ( inc luding  acetaldehydes)  have accumulated 

on t h e  su r face  of  t h e  p l a n e t ,  p i l e d  up on i t s  dark a r e a s ,  while  i n  t h e  b r i g h t  

a r eas  they  may only break up, which expla ins  S i n t o n ' s  phenomenon. 

Hence, t h e  ques t ion  of  how f a r  t h e  evo lu t ion  o f  organic  matter has  pro-  

ceeded on Mars and whether o r  n o t  l i f e  could arise and develop t h e r e  s t i l l  

remains an open one. We can hope t h a t  t h e  cont inuing successes  i n  the  conquest 

of  space w i l l  provide a s c i e n t i f i c a l l y  based answer t o  t h i s  ques t ion  (Ponnamp- 

eruma, Klein,  1970). 

Very g r e a t  hopes i n  regard t o  t h e  ex i s t ence  of  l i f e  were r e c e n t l y  p laced  

on Venus, which i n  many r e spec t s  ( s i z e ,  mass) i s  very s i m i l a r  t o  t h e  Earth and 

i s  our c l o s e s t  neighbor  i n  t h e  p l ane ta ry  system. However, t h e  f u r t h e r  t he  

d e t a i l e d  s tudy  of t h i s  p l a n e t  has  progressed ,  t h e  less b r i g h t  t h e s e  hopes have 

become. The d i r e c t  measurements o f  t he  dens i ty ,  temperature  and chemical 

composition o f  t h e  Venusian atmosphere t h a t  were performed by t h e  s c i e n t i f i c  

labora tory  o f  t h e  automatic  s t a t i o n  "Venus-4" showed t h a t  t h e  condi t ions  on 

t h i s  p l ane t  a r e  q u i t e  d i f f e r e n t  from those  on Ea r th .  Near t h e  su r face  of 

Venus, t he  temperature i s  about 280' , while  t h e  atmospheric p re s su re  i s  roughly 

15 times g r e a t e r  than on t h e  Ear th .  I n  terms of i t s  chemical composition, 

t h e  atmosphere of  Venus c o n s i s t s  almost wholly of carbon d ioxide  gas,  and t h e  

content  of  oxygen and water  vapor amounts t o  only about l . S % ,  while  no n o t i c e -  

able  t r a c e s  o f  n i t rogen  were found. 

- /26 

In  t h e  l i g h t  of  t h e s e  d a t a ,  it i s  very d i f f i c u l t  t o  consider  it p o s s i b l e  

t h a t  t h e r e  i s  l i f e  on Venus. Apparently,  evolu t ion  of  carbon compounds here  

has followed a completely d i f f e r e n t  group o f  pathways than  on t h e  E a r t h ,  due t o  

t h e  very d i f f e r e n t  thermal  h i s t o r y  o f  t h e s e  p l a n e t s  (Fesenkov, 1964).  

Summing up a l l  o f  t h e  above, it i s  most ev ident  t h a t  although w e  a r e  

t h e o r e t i c a l l y  convinced of  t h e  ex i s t ence  of e x t r a t e r r e s t r i a l  l i f e  , s t i l l  we 

have no t  been ab le  t o  f ind  i t  anywhere ( p r a c t i c a l l y  speaking) beyond t h e  l i m i t s  

of our p l a n e t  wi th  complete c e r t a i n t y .  However, we a r e  now ga ther ing  consider-  

ab le  f a c t u a l  ma te r i a l  which i n d i c a t e s  t h a t  t h e  i n i t i a l  s t a g e s  of evolu t ion  of  

carbon compounds which give r ise  t o  l i f e  on Ear th  a re  widely represented  i n  
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various o b j e c t s  of our  galaxy as well as i n  heavenly bodies  t h a t  a r e  loca ted  

i n  a reas  o f  t h e  S o l a r  System c lose  t o  us and t h a t  t h i s  evolu t ion  has  proceeded 

q u i t e  f a r  and has  l ed  t o  t h e  abiogenic  formation o f  d ive r se  and complex organic  

subs tances ,  many of which p l ay  an important  r o l e  i n  t h e  l i f e  of contemporary 

organisms. But t h e  problem of  whether o r  no t  l i v i n g  bodies  could develop on 

t h i s  b a s i s  s t i l l  remains open. I t  can only be answered by t h e  cont inuing 

pene t r a t ion  o f  m a n  i n t o  space which i s  under way a t  t h e  present  t i m e .  
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DETECTION OF EXTRATERRESTRIAL L I F E  

A .  A .  Imshenetskiy 

ABSTRACT. The fundamentals a r e  set  f o r t h  of t h e  evo lu t ion  
o f  chemical elements i n  t h e  cosmos t h a t  l ed  .to t h e  formation 
of var ious organic  substances such as those  uncovered i n  
m e t e o r i t i c  carbonaceous chondr i t e s .  Poss ib l e  e x t r a t e r r e s t r i a l ,  
l i f e  forms a r e  considered,  along with t h e  p r o b a b i l i t y  of  
presence of  var ious groups of microorganisms on Mars. Re-. 
quirements a r e  examined t h a t  e x t r a t e r r e s t r i a l  l i f e  d e t e c t i o n  
methods should f u l f i l l ,  and some i n d i r e c t  l i f e  d e t e c t i o n  
methods a r e  reviewed. I n  p a r t i c u l a r ,  var ious c e l l  p r o l i f -  
e r a t i o n  d e t e c t i o n  methods are examined. Some of t h e  design 
p r i n c i p l e s  of automatic b i o l o g i c a l  s t a t i o n s  t o  be s e n t  
t o  t h e  p l a n e t s  f o r  e x t r a t e r r e s t r i a l  l i f e  d e t e c t i o n  a r e  discussed.  

Over the  c e n t u r i e s ,  t h e  problem of  e x t r a t e r r e s t r i a l  l i f e  has been the  

province of ph i lo sophe r s ,  s c i ence  f i c t i o n  w r i t e r s  o r  s c i e n t i s t s  who solved i t  

pure ly  t h e o r e t i c a l l y ;  t h i s  s i t u a t i o n  continued t o  e x i s t  u n t i l  t he  1950s. We 

must recognize,  of course,  t h a t  c e r t a i n  astronomical d a t a ,  f o r  example t h e  

seasonal  v a r i a t i o n s  on Mars and o t h e r  obse rva t ions ,  bore a r e l a t i o n s h i p  t o  

t h i s  problem, but  i t  was only i n d i r e c t .  In  conjunction with t h e  successes  

achieved i n  the  s tudy of space,  t h i s  problem became one o f  those t h a t  lend 

themselves t o  s o l u t i o n  by experimental  methods. N a t u r a l l y ,  t h e  search f o r  

l i f e  on the p l a n e t s  w i l l  r e q u i r e  t h e  p a r t i c i p a t i o n  of  r e p r e s e n t a t i v e s  of  t h e  

most d ive r se  s p e c i a l t i e s .  

e x t r a t e r r e s t r i a l  l i f e  i s  a r a t h e r  complex problem. The sending o f  s t a t i o n s  t o  

t h e  p l a n e t s  i n  t h e  S o l a r  System i s  no t  one of  t hose  experiments which can be 

performed very f r e q u e n t l y .  This makes t h e  p o s i t i o n  of t h e  s p e c i a l i s t s  more 

d i f f i c u l t ,  e s p e c i a l l y  those  engaged i n  t h e  p repa ra t ion  of  such experiments. 

One r e q u i r e s  t h e  most s p e c i f i c ,  r e l i a b l e  and c a r e f u l l y  devised method o r ,  what 

i s  b e t t e r  s t i l l ,  combinations o f  methods. 

I t  soon became apparent t h a t  t h e  d e t e c t i o n  o f  

This a r t i c l e  i s  devoted t o  a comparative survey of var ious methods t h a t  

have been proposed €or d e t e c t i o n  o f  e x t r a t e r r e s t r i a l  l i f e .  I n  t h i s  survey, 

w e  s h a l l  be using d a t a  from t h e  l i t e r a t u r e  as we l l  as concepts based on t h e  
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r e s u l t s  o f  s t u d i e s  i n  t h e  f i e l d  o f  space biology,  performed under t h e  

d i r e c t i o n  of  t h e  author  o f  t h i s  a r t ic le .  

Chemical Evolution 

Some i n v e s t i g a t o r s  feel  t h a t  t h e  d e t e c t i o n  of  o rgan ic  substances on t h e  

p l a n e t s  can s e r v e  as proof o f  t h e  ex i s t ence  of  l i f e .  

agree with t h i s  f o r  t he  fol lowing reasons.  

I t  i s  impossible t o  

1 .  Tht: s y n t h e s i s  of va r ious  o rgan ic  compounds has  occurred and is  s t i l l  

occurr ing i n  space.  

(carbonaceous chondri tes)  t h a t  have f a l l e n  t o  Earth have been found t o  contain 

va r ious  hydrocarbons, f a t t y  and aromatic a c i d s ,  porphyrins and o t h e r  organic  

substances.  

2. 

This i s  i n d i c a t e d  by t h e  f a c t  t h a t  t h e  me teo r i t e s  

I t  i s  assumed t h a t  c e r t a i n  substances,  p a r t i c u l a r l y  ATP and f e r r o -  

porphyrins,  develop only as t h e  r e s u l t  o f  b i o s y n t h e s i s .  However, t h e s e  and 

o t h e r  substances may a l s o  be formed without t h e  p a r t i c i p a t i o n  of  l i v i n g  c e l l s .  

The presence of  porphyrins i n  petroleum and me teo r i t e s  support  t h i s  view. 

3 .  The i d e a  t h a t  t h e  d e t e c t i o n  of  o p t i c a l l y  a c t i v e  substances i s  proof 

of  t h e  ex i s t ence  of l i f e  a l s o  cannot withstand c lose  examination. No one w i l l  

deny t h a t  o p t i c a l  a c t i v i t y  of observed substances makes t h e i r  biogenic  o r i g i n  

very l i k e l y .  However, modern chemistry considers  t h e  p o s s i b i l i t y  of  abiogenic 

formation of  o p t i c a l l y  a c t i v e  substances t o  be an abso lu te ly  c e r t a i n  p o s s i -  

b i l i t y .  I n  p a r t i c u l a r ,  t h e  condi t ions under which me teo r i t e s  a r e  formed may 

be  very s u i t a b l e  f o r  t h i s .  

4 .  I t  i s  worth no t ing  t h e  f a c t  t h a t  on t h e  Moon, which does no t  have an 

atmosphere, a l l  of  t h e  me teo r i t e s  reach t h e  s u r f a c e .  

many carbonaceous ch rondr i t e s  have f a l l e n  on t h e  s u r f a c e  of t h e  Moon over 

many mi l l i ons  of y e a r s .  If t h e  organic  substances contained i n  them a r e  not  

s u b j e c t  t o  decomposition, it i s  highly probable t h a t  they w i l l  be found i n  the  

luna r  s o i l .  Na tu ra l ly ,  t h i s  w i l l  no t  prove the  ex i s t ence  of l i f e  on t h e  Moon. 

We can conclude t h a t  

5 .  The most s i g n i f i c a n t  proof t h a t  t he  d e t e c t i o n  of organic  substances 

on a p l ane t  does not  prove t h e i r  biogenic  o r i g i n  must be  considered t o  be t h e  

s t r i k i n g  successes  achieved i n  t h e  f i e l d  of  o rgan ic  s y n t h e s i s .  

energy sources  f a c t o r s  which e x i s t  i n  space ( ion iz ing  r a d i a t i o n ,  u l t r a v i o l e t  

By using as 
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r a y s ,  e lectr ical  d i scha rges ,  p r e s s u r e ) ,  many i n v e s t i g a t o r s  have 

succeeded i n  producing h igh ly  d i v e r s e  o rgan ic  substances from carbon dioxide,  

ammonia, hydrogen cyanide and o t h e r  simple ino rgan ic  compounds: amino ac ids ,  

carbohydrates,  hydrocarbons, adenosine, etc.  

Hence, t h e  abiogenic  s y n t h e s i s  o f  o rgan ic  substances i n  space i s  un- 

doubtedly a p o s s i b l i t y  and consequently t h e  d e t e c t i o n  of o rgan ic  substances 

i n  t h e  s o i l  of t h e  p l a n e t s  w i l l  no t  be proof o f  t h e  ex i s t ence  o f  l i f e  upon 

them. This ,  of course,  does no t  mean t h a t  a d e t a i l e d  chemical ana lys i s  o f  

t h e  s o i l  o f  a p l a n e t  w i l l  no t  be of  extreme s c i e n t i f i c  i n t e r e s t .  However, 

be fo re  these  analyses  are made, it is  necessary t o  so lve  t h e  problem of  t h e  

ex i s t ence  o f  l i f e  on the  p l a n e t  by d i r e c t  methods, which w i l l  b e  discussed 

below. 

~ The Nature of E x t r a t e r r e s t r i a l  L i f e  

The l a t e s t  d a t a  i n  t h e  f i e l d  o f  as t rochemistry and a s t rophys ic s  convince 

us of  t h e  f a c t  t h a t  t he  same chemical elements and r a d i c a l s  a r e  p re sen t  i n  

space as a r e  found on Ea r th .  The paths  of chemical evo lu t ion  i n  space,  o f  

which we spoke e a r l i e r ,  lead t o  t h e  s y n t h e s i s  of  compounds which a r e  equiva- 

l e n t  o r  very similar i n  n a t u r e  t o  t h e  o rgan ic  substances which are found on 

our p l a n e t .  

t r e a t e d  o u t s i d e  o f  i t s  connection with t h e  o r i g i n  o f  l i f e  on Ea r th .  The 

opinion o f  outs tanding s c i e n t i s t s  who f e e l  t h a t  t h e  precursors  o f  l i f e  were 

chemoautotrophic microorganisms has not  been s p l i t  f o r  a long t ime.  The 

p o s s i b i l i t y  o f  abiogenic b iosyn thes i s  of  var ious o rgan ic  substances on t h e  

p l a n e t s  makes i t  very l i k e l y  t h a t  t h e r e  i s  something t o  t h e  i d e a  t h a t  t he  

i n i t i a l  forms of  l i f e  were h e t e r o t r o p h i c  microorganisms. A l l  of  t h e  above 

leads us t o  look on t h e  p l a n e t s  f o r  l i f e  whose chemical, energy and b io -  

s y n t h e t i c  b a s i s  i s  s i m i l a r  t o  t h e  b a s i s  o f  t e r r e s t r i a l  l i f e .  Consequently, 

w e  must look f o r  organisms whose composition includes carbon, n i t rogen  and 

phosphorus and i n  which t h e  so lven t  i s  water. 
t h a t  l i v i n g  cond i t ions  un l ike  those  on Earth have no t  l e d  i n  t h e  process  of  

evo lu t ion  t o  t h e  development o f  l i v i n g  ma t t e r  t h a t  d i f f e r s  b a s i c a l l y  i n  i t s  

r e s i s t a n c e  t o  e x t e r n a l  f a c t o r s  and i n  t h e  chemical na tu re  o f  t h e  metabolic 

processes  from t e r r e s t r i a l  forms of  l i f e .  Usually t h e  p o s s i b i l i t y  of  an 

The problem o f  t h e  development o f  l i f e  on the p l a n e t s  cannot be 

Of course,  t h i s  does n o t  mean 
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evolut ionary p a t h  u n l i k e  t h a t  on Ea r th  is  no t  given s u f f i c i e n t  cons ide ra t ion ,  

as well as t h e  c r e a t i v e  r o l e  o f  s e l e c t i o n ,  which i s  capable of forming on 

o t h e r  p l a n e t s  substances t h a t  have h igh ly  unusual p r o p e r t i e s  from the  s t and-  

p o i n t  o f  i n h a b i t a n t s  of Ea r th ,  and whose behavior  and chemical metabolism are 

d i f f e r e n t  as w e l l .  

s ea rch  f o r  l i f e  on o t h e r  p l a n e t s  on t h e  b a s i s  of  e x i s t i n g  d a t a  regarding l i f e  

on Ea r th .  

guided by modern d a t a  on ecology, physiology, biochemistry,  microbiology and 

biophysics .  

Therefore,  it i s  completely l o g i c a l  t o  proceed on our 

I t  i s  necessary t o  look f o r  l i f e  with a carbohydrate base and t o  be 

I n  t h e  s c i e n t i f i c  r e s p e c t ,  we a r e  of  course i n t e r e s t e d  i n  those  t h e o r i e s  

which dea l  with t h e  p o s s i b i l i t y  of  l i f e  based on s i l i c o n  o r  germanium, as 

we l l  as a complete replacement i n  e n e r g e t i c  processes  o f  phosphorus compounds 

by su lphur  compounds. I n  t h e  case of  p l a n e t s  with low s o i l  temperatures ,  

t h e r e  i s  a p o s s i b i l i t y  o f  e x i s t e n c e  o f  l i f e  i n  which t h e  s o l v e n t  i s  not  water 

but  ammonia o r  o t h e r  compounds t h a t  remain l i q u i d  a t  low temperatures .  

However, w e  can look f o r  e x t r a t e r r e s t r i a l  l i f e  whose r e p r e s e n t a t i v e s  do 

no t  contain carbon only i n  t h e  event t h a t  numerous at tempts  t o  d e t e c t  l i f e  

on t h e  p l a n e t s  which i s  based on carbon gives  us sys t ema t i c  negat ive r e s u l t s .  

We cannot agree with t h e  opinion of  Lavlock, who does no t  consider  i t  economic- 

a l l y  worthwhile t o  send s p a c e c r a f t  ". . . t o  d e t e c t  a s p e c u l a t i v e  l i fe-form".  

On t h e  b a s i s  of t h e  condi t ions e x i s t i n g  on Mars, we can draw some con- 

c lus ions  regarding t h e  ex i s t ence  of  c e r t a i n  phys io log ica l  groups of micro- 

organisms i n  t h e  s o i l  of  t h e  p l a n e t .  

Na tu ra l ly ,  concepts of t h i s  kind have a pu re ly  hypo the t i ca l  n a t u r e .  

These d a t a  a r e  presented below. 

Microorganism 

Photosynthet ic  b a c t e r i a  Highly probable 

Chemosynthesizing b a c t e r i a  
t o  f r e e  oxygen 

Heterotrophic  microorganisms Not very l i k e l y  

Heterotrophic  microorganisms Highly l i k e l y  

Xerophytic m i  croorgani sms 

E x i  s t en ce 

Poss ib l e ,  b u t  oxidat ion not due 

i n  t h e  atmosphere 

i n  t h e  s o i l  

Poss ib l e  nea r  t he  equator  o f  
t h e  p l a n e t  
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Psychrophylli  c microorganisms 

Anaerobic microorganisms Highly probable 

Poss ib l e  n e a r  the po le s  of 
t h e  p l a n e t  

- P o s s i b i l i t y  -_  of Detect ing E x t r a t e r r e s t r i a l  L i f e  on Earth 

The i d e a  t h a t  e x t r a t e r r e s t r i a l  l i f e  i s  "imported" t o  Earth i s  very o l d .  

Many outs tanding s c i e n t i s t s  and phi losophers  have accepted i t .  However, a l l  

experimental  d a t a  thus fa r  have n o t  supported t h i s  hypothesis .  

Much a t t e n t i o n  has been devoted t o  t h e  content  of  l i v i n g  ma t t e r  i n  

me teo r i t e s .  There a r e  d a t a  a v a i l a b l e  i n d i c a t i n g  t h a t  microorganisms have been 

found i n  m e t e o r i t e s .  However, i t  was shown l a t e r  t h a t  t h e  me teo r i t e s  which 

f e l l  onto t h e  s o i l  o f  t h e  Earth were r a p i d l y  contaminated by s o i l  mic ro f lo ra  

and t h a t  only me teo r i t e s  which have f a l l e n  i n  the  A r c t i c ,  A n t a r c t i c  and i n  

d e s e r t s  during t h e  dry season a r e  s u i t a b l e  f o r  microbiological  ana lyses .  

In t h i s  r ega rd ,  i t  i s  very i n t e r e s t i n g  t o  perform a microbiological  

s tudy o f  cosmic d u s t  which f a l l s  on snow o r  i c e  i n  t h e  A n t a r c t i c  o r  A r c t i c  and 

i s  c o l l e c t e d  f a r  from meteorological  s t a t i o n s .  

I t  i s  completely p o s s i b l e  from t h e  t h e o r e t i c a l  s t andpo in t  t h a t  t h e  spores 

of  b a c t e r i a  t h a t  a r e  wi th in  a me teo r i t e  w i l l  no t  be k i l l e d  by t h e  a c t i o n  of 

u l t r a v i o l e t  r ays ,  i o n i z i n g  r a d i a t i o n  o r  o t h e r  f a c t o r s  e x i s t i n g  i n  space .  Less 

l i k e l y  i s  t h e  p o s s i b i l i t y  t h a t  a l i v i n g  c e l l  w i l l  be found i n  an a n a b i o t i c  

s t a t e  i n  t h e  course o f  many m i l l i o n s  of y e a r s .  In  h i s  Leeuwenhoeck l e c t u r e ,  

Keylin gives  examples of prolonged anab ios i s ,  bu t  i t  l a s t e d  only hundreds and 

s e v e r a l  thousands of y e a r s .  Could p r o t e i n s  e x i s t  f o r  m i l l i o n s  of  years  

without undergoing dena tu ra t ion?  Ex t rapo la t ion  i n  t h i s  case i s  very d i f f i c u l t ,  

b u t  apparent ly  t h i s  ques t ion  must be answered i n  t h e  nega t ive .  This i s  
supported i n  p a r t i c u l a r  by t h e  f a c t  t h a t  the  d e t e c t i o n  of v i a b l e  water p l a n t s  

i n  s a l t  depos i t s  200 t o  250 m i l l i o n  years  o ld  has no t  been supported by 

f u r t h e r  s t u d i e s .  A s  f a r  as the  d e t e c t i o n  oE i n c l u s i o n s  i n  carbonaceous 

chondri tes  i s  concerned, reminescent o f  l i v i n g  substances and c a l l e d  On c e r t a i n  

occasions "preprotobionts" and o t h e r  names, i t  involves  considerable  d i f f i -  
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The morphology of  t h e s e  bodies  is  so poor t h a t  t h e r e  i s  no b a s i s  f o r  

drawing s p e c i f i c  conclusions,  and t h e  var ious  microchemical r e a c t i o n s  a r e  even 

less r e l i a b l e ,  e s p e c i a l l y  i f  w e  cons ider  t h a t  carbonaceous chondr i tes  conta in  

var ious  organic  subs tances .  

meteor i tes  and i n  a t tempts  t o  f i n d  microbes i n  s e c t i o n s  made from var ious  

anc ien t  rocks.  

These d i f f i c u l t i e s  arise both  i n  t h e  s tudy  o f  

Summing up what w e  have s a i d  above, we must reach t h e  conclusion t h a t  

r ep resen ta t ives  of e x t r a t e r r e s t r i a l  l i f e  have never  been found on Ear th .  

Methods o f  Detect ing E x t r a t e r r e s t r i a l  Life 

Requirements Imposed on t h e  Method 

A l l  of  t h e  methods which have been suggested may be  d iv ided  i n t o  two 

groups : d i r e c t  methods and i n d i r e c t  methods of  d e t e c t i n g  e x t r a t e r r e s t r i a l  

l i f e .  The l a t t e r  inc ludes  h igh ly  d ive r se  chemical analyses  of t h e  s o i l  and 

atmosphere of  a p l a n e t ,  as t ronomical  methods and microscopy o f  t h e  s o i l .  The 

d i r e c t  methods inc lude  t ransmiss ion  t o  Ear th  of “survey panoramas” and t h e  

proof  of t h e  growth and m u l t i p l i c a t i o n  o f  s i n g l e - c e l l e d  organisms. 

g r e a t e r  p a r t  o f  t h e  r e s e a r c h e r s ’  a t t e n t i o n  should be devoted t o  t h e  l a t te r  

method, s i n c e  only d a t a  obtained with i ts  a i d  w i l l  be  abso lu t e ly  ind i spu tab le .  

Let u s  l i s t  t h e  requirements  which w i l l  be  imposed on t h i s  method. 

The 

1. Optimum s e n s i t i v i t y ,  which means t h a t  l i f e  w i l l  no t  be discovered 

where the re  i s  none, and on t h e  o the r  hand, w i l l  be discovered where i t  

e x i s t s .  

2. The method must g ive  reproducib le  r e s u l t s .  

3 .  I t  must have t h e  necessary  r e l i a b i l i t y .  

4 .  I t  must be  based on t h e  use of  devices  which a r e  convenient i n  terms 

of  weight and s i z e .  

5.  

and reagents .  

I t  must be based on the  use  o f  only unquest ionably s t e r i l e  apparatus  
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6 .  The method must no t  be  based on ana lyses  whose accuracy can be 

ques t ioned ,  without  knowing t h e  chemical composition o f  t h e  s o i l  o r  t h e  atmos- 

phere o f  t h e  p l a n e t  on which t h e  search  f o r  l i f e  i s  t ak ing  p l a c e .  

- /32 7. The method must no t  be t h e  only one. I t  would be most advantageous 

t o  use s e v e r a l  methods s imultaneously which would confirm a s i n g l e  phenomenon 

o r  t h e  same process .  

Let us review b r i e f l y  t h e  e x i s t i n g  methods f o r  d i r e c t  d e t e c t i o n  of  

e x t r a t e r r e s t r i a l  l i f e .  

I n d i r e c t  Methods of  Detect ing Life ____ ~ ~ 

AstronomicaZ methods. A number of e x i s t i n g  observa t ions  bea r  d i r e c t  

r e l a t i o n s h i p  t o  t h e  problem a t  hand. However, n e i t h e r  t h e  seasonal  v a r i a t i o n s  

on t h e  s u r f a c e  o f  Mars, nor  t h e  absorpt ion l i n e s  de t ec t ed  by Sin ton ,  nor  

o the r  observa t ions  of a s i m i l a r  na tu re ,  d e s p i t e  a l l  o f  t h e i r  i n t e r e s t  and 

s i g n i f i c a n c e  f o r  s c i ence ,  can so lve  t h e  problem o f  t h e  ex i s t ence  of  e x t r a -  

t e r r e s t r i a l  l i f e ,  e s p e c i a l l y  on Mars. I t  i s  completely poss ib l e  t h a t  when a 

s c i e n t i f i c  device circumnavigates t h e  p l a n e t ,  ca r ry ing  a t e l e scope  mounted 

aboard a s p a c e c r a f t ,  i t  w i l l  be poss ib l e  t o  ob ta in  some new d a t a  i n  t h i s  a r ea .  

Microscopy. This  method occupies an in t e rmed ia t e  p o s i t i o n  between i n -  

d i r e c t  and d i r e c t  methods. By means of a microscope, i t  i s  poss ib l e  t o  d e t e c t  

c e l l s  of  microscopic animals o r  p l a n t s  i n  a drop of  l i q u i d  conta in ing  a 

p a r t i c l e  of  s o i l  and what i s  more impor tan t ,  w e  can determine whether they a r e  

a c t i v e l y  mobile.  I n  t h i s  case ,  microscopy w i l l  be  based on d i r e c t  methods of 

observa t ion .  However, t h e  p repa ra t ion  o f  such uns ta ined  p repa ra t ions  , t h e  

adjustment o f  t h e  microscope s e t t i n g ,  t h e  p o s s i b i l i t y  of  a change i n  t h e  

chemical composition of  t h e  drop t o  i n h i b i t  Brownian motion, t h e  need f o r  

microscopy a t  high magni f ica t ion  - -  a l l  o f  t hese  make t h i s  method much more 

complex than t h e  methods based on t h e  confirmation of growth and m u l t i p l i -  

ca t ion  o f  u n i c e l l u l a r  ma t t e r .  

The p repa ra t ion  of f i x e d  and s t a i n e d  p repa ra t ions  and t h e i r  s tudy under 

t h e  microscope t o  d e t e c t  microscopic  water  p l a n t s ,  fungi  o r  animals has con- 

s i d e r a b l e  p o s s i b i l i t i e s .  As f a r  as  b a c t e r i a  a r e  concerned, a l l  of t h e  ex- 

per ience  o f  pa l eobo tan i s t s  i n d i c a t e s  t h a t  it i s  impossible  t o  determine with 
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abso lu te  c e r t a i n t y  t h a t  a given s p h e r i c a l  element i s  a f o s s i l i z e d  cocciform 

bacterium. The more complex t h e  morphology of t h e  microorganisms, t h e  g r e a t e r  

t h e  b a s i s  f o r  hoping t h a t  t h e  microscopic p i c t u r e  w i l l  b e  c o r r e c t l y  i n t e r -  

p r e t e d .  An important r o l e  may be played by luminescent microscopy, s i n c e  t h e  

use o f  var ious luminophores w i l l  make it p o s s i b l e  t o  d e t e c t  t h e  ex i s t ence  of 

n u c l e i c  a c i d s ,  amino a c i d s ,  e t c .  contained i n  t h e  c e l l s  with a c e r t a i n  degree 

o f  r e l i a b i l i t y  i n  d i f f e r e n t i a t i n g  l i v i n g  c e l l s  from dead ones, e t c .  The use 

o f  luminophores i n  combination with s p e c i f i c  s e r a  w i l l  make i t  p o s s i b l e  t o  

e s t a b l i s h  t h e  membership o f  t h e  d e t e c t e d  microorganisms i n  a s p e c i f i c  

sys t ema t i c  form e x i s t i n g  on E a r t h .  

t h e  p o s s i b i l i t y  of  u s ing  a microscope t o  s tudy  t h e  morphology of t h e  c e l l s  

i n  mixed c u l t u r e s ,  grown with seeding of  s o i l  from t h e  p l a n e t .  

Some cons ide ra t ion  should a l s o  be given t o  

The use of e l e c t r o n  microscopy involves  f a m i l i a r  d i f f i c u l t i e s  r e l a t e d  t o  /33 
t he  considerable  weight o f  t h e  e l e c t r o n  microscope and t h e  amount of e l e c t r i c a l  

energy r equ i r ed  t o  ope ra t e  i t .  

of  t h e  equipment w i l l  remove t h e s e  o b s t a c l e s .  

I t  i s  completely p o s s i b l e  t h a t  m i n i a t u r i z a t i o n  

Detect ion of  Organic Substances 

Earlier,  when we were t a l k i n g  about chemical evo lu t ion  i n  space,  it 

was s t a t e d  t h a t  t h e  ex i s t ence  of organic  substances on a p l a n e t  cannot be an 

abso lu te  proof of  t h e  ex i s t ence  of l i f e  on i t .  This i n  no way reduces t h e  

s c i e n t i f i c  s i g n i f i c a n c e  of experiments involving t h e  use of  phys i ca l  , physico- 

chemical o r  chemical methods of ana lys i s  f o r  t h e  composition of t h e  s o i l  and 

t h e  atmosphere of  t h e  p l a n e t .  A q u a n t i t a t i v e  determinat ion of  t h e  porphyrins , 
f l a v i n s ,  amino ac ids ,  carbohydrates and many o t h e r  compounds w i l l  g ive us 

very valuable  r e s u l t s .  The use of  spectrophotometry , fluorometry , gas chroma- 

tography , mass spectrometry , po la r ime t ry ,  and va r ious  analyzers  f o r  t h i s  

purpose must n a t u r a l l y  be included i n  t h e  program f o r  f u r t h e r  s t u d i e s .  

eve r ,  a l l  of  t h e s e  methods a re  capable only of confirming t h e  ex i s t ence  of 

t h e s e  compounds, bu t  cannot e s t a b l i s h  t h e  r e l a t i o n s h i p  between t h e i r  s y n t h e s i s  

o r  decomposition, on t h e  one hand, and t h e  a c t i v i t y  of l i v i n g  substances found 

i n  t h e  s o i l  of  t h e  p l a n e t  on t h e  o t h e r .  

How- 
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Direct  Methods o f  Detect ing Life 

'Transmission of a panorama". 

- ~- - _ _  

Transmission of  images of  t h e  su r face  of a 

p l a n e t ,  taken over  a s u f f i c i e n t l y  long p e r i o d  of t i m e  and covering a c e r t a i n  

a r e a  of t h e  p l a n e t ' s  s u r f a c e ,  a r e  undoubtedly worthy of our a t t e n t i o n .  Color 

t ransmission from a camera loca ted  on t h e  p l a n e t  would be  e s p e c i a l l y  va luab le .  

However, i n  t h e  absence of  s u f f i c i e n t l y  l a r g e  s i z e d  animals o r  p l a n t s ,  

t h e  p i c t u r e s  t h a t  would be r ece ived  would n o t  give us t h e  d e s i r e d  information.  

I t  would be  more valuable  t o  t r ansmi t  p i c t u r e s  of t h e  s u r f a c e  of t h e  s o i l ,  

taken a t  comparatively low magn i f i ca t ions .  

Confirmation o f  Growth and M u l t i p l i c a t i o n  -_ _-__ - _ _  -- . . 

The only and most r e l i a b l e  proof of t he  ex i s t ence  of e x t r a t e r r e s t r i a l  

l i f e  must unquestionably be s e l e c t e d  as t h e  establ ishment  of t h e  a b i l i t y  of 

c e l l s  t o  r e d u p l i c a t e  biopolymers. Only t h i s  method w i l l  make i t  poss ib l e  t o  /34 
follow a m u l t i p l i c a t i o n  of c e l l s  with t ime,  t he  a s s i m i l a t i o n  of  sources of  

energy and n u t r i t i o n ,  as  we l l  as t he  o r i g i n  o f  metabolism. This i s  not  a 

s t a t i c  method, but  u n l i k e  the  i s o l a t e d  chemical determinat ions,  i s  a dynamic 

one, and i t  must be given precedence over o t h e r  methods. This method inc ludes  

the  c o l l e c t i o n  o f  samples and t h e i r  s eed ing ,  proof of  t h e  m u l t i p l i c a t i o n  of 

microorganisms and t ransmission of t he  r e s u l t s  t o  E a r t h .  We w i l l  not  discuss  

t h e  l a t t e r .  

CoZZgction of samples. Many devices have been proposed f o r  c o l l e c t i n g  

samples of  t h e  s o i l  of  a p l a n e t .  Without going i n t o  a discussion of t h e  

devices a v a i l a b l e  f o r  t h i s  purpose,  w e  s h a l l  l i s t  the  requirements which must 

be s a t i s f i e d  by t h e  method of  c o l l e c t i n g  samples: a) t h e  c o l l e c t i o n  of  t h e  

s o i l  sample must t ake  p l a c e  a t  some d i s t a n c e  from t h e  b i o l o g i c a l  s t a t i o n  

on t h e  s u r f a c e  of  t h e  p l a n e t ;  b)  t h e  amount o f  s o i l  c o l l e c t e d  must be s u f f i c -  

i e n t  f o r  seeding,  and a t  t h e  same time must no t  be excess ive ;  c)  t h e  samples 

f o r  seeding should not be c o l l e c t e d  from t h e  deep-lying l a y e r s  of s o i l  and 

no t  from t h e  s u r f a c e  e i t h e r ;  d) t h e  seeding m a t e r i a l  c o l l e c t e d  must not  

impede t h e  observat ion of  growth and m u l t i p l i c a t i o n  of c e l l s ;  e)  c o l l e c t i o n  of 

t h e  atmosphere of t he  p l a n e t  f o r  microbiological  a n a l y s i s  i s  l e s s  va luab le  

than  a n a l y s i s  of s o i l  samples.  

35 



One of  t h e  s u c c e s s f u l  methods of  c o l l e c t i n g  samples i s  unquestionably 

t h e  e j e c t i o n  of small s t e r i l e  " she l l s "  t o  a c e r t a i n  d i s t ance ,  t o  which a s t i c k y  

t a p e  o r  th read  i s  a t t ached .  

s e rve  as a c u l t u r e  medium. 

The s o i l  p a r t i c l e s  t h a t  s t i c k  t o  them may then 

Nutrient medium. Proceeding from t h e  eco log ica l  cond i t ions  e x i s t i n g  on 

Mars, we can assume t h a t  we know what groups of microorganisms w i l l  b e  found 

on t h e  p l a n e t .  

on pages 30 and 31. 

o rgan ic  matter i s  connected e i t h e r  with photosynthesis  o r  with chemosynthesis, 

o r  with some o t h e r  p rocesses .  I n  t h i s  ca se ,  t h e r e  must be some he te ro t roph ic  

b a c t e r i a ,  which break down o rgan ic  m a t t e r ,  synthesized p rev ious ly  and located 

i n  the  s o i l  o f  t h e  p l a n e t .  This i s  p r e c i s e l y  why i t  i s  advantageous t o  use 

n u t r i e n t  media on which t h e  l a r g e s t  number of  forms of  h e t e r o t r o p h i c  b a c t e r i a ,  

found i n  t h e  s o i l ,  w i l l  grow. 

t h i s  purpose may be accomplished by i n o c u l a t i n g  c u l t u r e s  with decreasing 

q u a n t i t i e s  o f  des,ert  s o i l .  

i s  observed with seeding of t h e  minimum q u a n t i t y  of d e s e r t  s o i l  w i l l  be worthy 

o f  f u r t h e r  a t t e n t i o n .  

t h e  f i r s t  problem, s i n c e  i t  i s  not  only e a s i e r  t o  accomplish than t h e  d e t e c t i o n  

o f  pho tosyn the t i c  and chemosynthetic b a c t e r i a ,  b u t  a t h e o r e t i c a l l y  l a r g e r  

q u a n t i t y  of  h e t e r o t r o p h i c  microorganisms may be found i n  t h e  s o i l  of  t h e  

p l a n e t .  

A l i s t  o f  t h e  groups o f  t hese  microorganisms w i l l  b e  found 

I t  i s  completely probable  t h a t  t h e  i n i t i a l  s y n t h e s i s  of 

A comparative e s t ima te  o f  n u t r i e n t  media f o r  

The media i n  which t h e  growth of  s o i l  b a c t e r i a  

The d e t e c t i o n  o f  h e t e r o t r o p h i c  microorganisms must be 

/ 35 Detection of Growth and M u l t i p l i c a t i o n  of Cells - 
The b a s i s  of t h i s  method i s  the  determinat ion of t h e  growth and m u l t i p l i -  

A l l  of t h e  i n d i c a t i o n s  t h a t  have ca t ion  of  microorganisms i n  a dynamic s t a t e .  

been obtained with the  a i d  o f  va r ious  methods immediately fol lowing i n o c u l a t i o n  

may be i n t e r p r e t e d  as c o n t r o l s .  

made no e a r l i e r  than 4 8  hours l a te r .  

of t h e  measurements i s  performed may be v a r i e d .  

Fu r the r  recording o f  t h e  changes must be  

The p e r i o d i c i t y  with which t h e  recording 

The accumulation of  biomass may be evaluated on t h e  b a s i s  of d a t a  from 

If t h e s e  methods make i t  p o s s i b l e  t o  e s t a b l i s h  nephelometry o r  photometry. 

t h e  ex i s t ence  of from l o 3  t o  l o 4  c e l l s  p e r  m i l l i l i t e r  o f  c u l t u r e ,  t h e  methods 
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must be  considered appropr i a t e .  The use of  t h e s e  methods r e q u i r e s  convict ion 

of t h e  fact  t h a t  during t r a n s p o r t a t i o n  of t h e  n u t r i e n t  medium by t h e  space- 

c r a f t ,  t h e  t ransparency of  t h e  medium d i d  n o t  change and t h a t  an ove r ly  l a r g e  

amount o f  s o i l  was n o t  added du r ing  i n o c u l a t i o n ,  which could cause t u r b i d i t y  

o f  t h e  n u t r i e n t  medium. This is  p r e c i s e l y  why t h e  determinat ion of  t h e  degree 

o f  t u r b i d i t y  of  t h e  n u t r i e n t  medium i s  necessary immediately after inocu la t ion  

with s o i l ,  i n  o rde r  t o  se rve  as a c o n t r o l .  

The growth of  a mixed c u l t u r e ,  as a r u l e ,  is  accompanied by a decrease 

i n  t h e  oxidat ion-reduct ion p o t e n t i a l  of t h e  c u l t u r e  f l u i d .  Therefore  , auto- 

mat ic  determinat ion o f  t h i s  p o t e n t i a l  of  t h e  c u l t u r e  as i t  grows can lead t o  

valuable  r e s u l t s .  A s l i g h t l y  d i f f e r e n t  type of information can be gained by 

determining t h e  pH value of t h e  c u l t u r e ,  s i n c e  t h e  a c i d i t y  can change 

d i f f e r e n t l y  depending on t h e  composition of t h e  n u t r i e n t  medium and t h e  

physiology of  t h e  microorganisms t h a t  e n t e r  with the  s o i l .  I t  i s  completely 

v a l i d  t o  use media with glucose with a l i m i t e d  amount o f  sources  of n i t rogen  

n u t r i t i o n .  In  t h i s  case,  with inocu la t ion  us ing  d e s e r t  s o i l ,  one usua l ly  

f i n d s  a c i d i f i c a t i o n  of  t h e  medium and consequently potentiometry of  t h e  

c u l t u r e  can a l s o  be included among t h e  recommended methods , e s p e c i a l l y  s i n c e  

i t  has  a l r eady  been proposed by outs tanding s p e c i a l i s t s  f o r  t h i s  purpose.  

During t h e  development of microorganisms following seeding of t h e  s o i l  o f  

a p l a n e t ,  decomposition of organic  ma t t e r  proceeds i n  p a r a l l e l  with t h e  

accumulation of c e l l s .  Carbon dioxide i s  given o f f  r e g u l a r l y  during ferment- 

a t i o n  and r e s p i r a t i o n ,  and hydrogen may a l s o  be given o f f  during fermentat ion.  

When t h e  chamber i n  which growth of microorganisms takes  p l ace  i s  s e a l e d ,  t h e  

p re s su re  produced by t h e  gases t h a t  a r e  given o f f  may be measured with the  

a i d  of  a manometer. A s  t h e  p re s su re  i n c r e a s e s ,  i t  may be recorded and t h e  

excess gas vented.  Following a second accumulation of gas ,  another p re s su re  

measurement can be  made. Hence, t h e  method i s  a dynamic one. However, t h e  

manometric method i s  less promising than t h e  use of  n u t r i e n t  media which con- 

t a i n  organic  substances with l a b e l l e d  carbon. The breakdown of  t hese  sub- 

s t ances  by microorganisms w i l l  be accompanied by t h e  l i b e r a t i o n  of  carbon /36 
dioxide containing l a b e l l e d  carbon. A min ia tu r i zed  counter w i l l  allow con- 

t inuous recording of t h e  amount of  r a d i o a c t i v e  carbon dioxide given o f f .  The 
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advantage o f  t h i s  method l i e s  i n  the  fact  t h a t  var ious carbon-label led sub- 

s t a n c e s  can be included i n  t h e  composition of  t h e  n u t r i e n t  medium o r  else 

compounds i n  which var ious carbon atoms are l a b e l l e d .  I t  would be most 

i n t e r e s t i n g  t o  use l a b e l l e d  p r o t e i n ,  as we l l  as l a b e l l e d  glucose and o t h e r  

subs t ances .  By using va r ious  l a b e l l e d  subs t ances ,  i t  would be p o s s i b l e  t o  g e t  

a rough i d e a  of t h e  phys io log ica l  p o s s i b i l i t i e s  of  microorganisms developing 

i n  t h e  chamber. 

O f  course,  it would a l s o  be i n t e r e s t i n g  t o  s tudy t h e  decomposition of 

o rgan ic  substances containing i so topes  of  su lphur .  One o f  t h e  i s o t o p e  methods 

i s  t h a t  which i s  based on t h e  f a c t  t h a t  by us ing  compounds enriched with O I 7  

o r  O I 8 ,  t he  oxygen i s o t o p e  i n  water  can be  de t ec t ed  as a r e s u l t  of  t h e  a c t i o n  

of  microorganisms on t h e s e  compounds. As t h e  s u b s t r a t e ,  i n v e s t i g a t o r s  .use 

phosphates,  n i t r a t e s  o r  s u l f a t e s ,  while  t h e  presence of t h e  i s o t o p e  i s  de- 

termined with t h e  a i d  o f  mass spectrometry,  which makes i t  p o s s i b l e  t o  t r a c e  

t h e  enrichment of  water with l a b e l l e d  oxygen. This method cannot be combined 

with t h e  method descr ibed above f o r  determining r a d i o a c t i v e  carbon dioxide 

f o r  t h e  following reasons:  1) p a r t i a l  exchange of oxygen ions  may t a k e  p l ace  

even without  p a r t i c i p a t i o n  o f  t h e  enzymatic systems of  t h e  c e l l ;  2) t h e r e  a r e  

no d a t a  on t h e  amounts o f  O l 7  and 0 l 8  on t h e  p l a n e t s ;  3) t h e  l a b e l l e d  oxygen 

t r a n s f e r r e d  from the  anion t o  the  water  may combine with s i l i c a t e s ;  4) exchange 

of  i ons  i s  accomplished by enzyme systems which a r e  l e s s  widespread among 

microorganisms than systems which p a r t i c i p a t e  i n  the  breakdown of  carbonaceous 

compounds, s e rv ing  as a source of energy and carbon. 

However, t h e  method involving the  use of  oxygen i so topes  i s  worthy of 

a t t e n t i o n .  

The growth of t h e  biomass i n  t h e  chamber i n  which seeding of  t h e  s o i l  

from t h e  p l a n e t  has been c a r r i e d  ou t  can be measured as  w e l l  on t h e  b a s i s  of  

t h e  accumulation of c e r t a i n  organic  substances which a r e  c h a r a c t e r i s t i c  of  

t h e  l i v i n g  c e l l .  I n  p a r t i c u l a r ,  t hese  substances include p ro te ins  which con- 

t a i n  f e r roporphyr ins .  Here, as i n  t h e  o t h e r  methods, i t  is  important t o  

e s t a b l i s h  t h a t  t h e  inc rease  i n  t h e  amount of t h e s e  p r o t e i n s  proceeds i n  

p a r a l l e l  with t h e  growth of  t h e  biomass. 

ferroporphyrin p r o t e i n s  i s  accomplished by t h e  chemiluminescent method, which 

Q u a n t i t a t i v e  determination of  t h e  
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allows determination of  t h e  presence of  hemin, c a t a l a s e ,  peroxidase,  hemo- 

globin,  cytochrome c ,  e t c .  The system luminol + H 0 r e a c t s  with a b r i g h t  

f l a s h  of  chemiluminescence when c a t a l y s t s  a r e  added t o  it t o  break up t h e  

hydrogen peroxide.  

cording i s  made with t h e  a i d  of  an o s c i l l o g r a p h ,  galvanometer and s t r i p - c h a r t  

2 2  

The r a d i a t i o n  d e t e c t o r  is  a pho tomul t ip l i e r  , while r e -  

r eco rde r .  Chemiluminescence i s  a t  i t s  maximum i n  an a l k a l i n e  medium ' /37 
(pH 11.0)  , so t h a t  a s o l u t i o n  o f  c a u s t i c  soda i s  added t o  t h e  mixture of 
r eagen t s .  This i s  an important s t e p ,  s i n c e  t h e  c e l l s  o f  t h e  microorganisms 

a r e  sub jec t ed  t o  such changes i n  a s t r o n g l y  a l k a l i n e  r e a c t i o n  t h a t  it becomes 

unnecessary t o  break them down, s i n c e  t h e  ferroporphyrin p r o t e i n s  a r e  t r a n s -  

f e r r e d  t o  t h e  c u l t u r e  l i q u i d .  The chemiluminescent method possesses  s u f f i c i e n t  

s e n s i t i v i t y ,  and may be used t o  measure lo- '  gramiml of c a t a l a s e .  

necessary t o  keep i n  mind t h a t  t he  minerals which contain i r o n  as wel l  as t h e  

i r o n  s a l t s  t h a t  a r e  i n  t h e  n u t r i e n t  medium may produce a low constant  back- 

ground. 

l imonite  t o  the  r e a c t i o n  v e s s e l .  However, t h i s  s l i g h t  background does not 

d i s t u r b  t h e  subsequent determinat ions.  The i n c r e a s e  i n  biomass can a l s o  be  

measured by t h e  accumulation of  t h e  enzyme phosphatase i n  t h e  c u l t u r e ,  as 

determined by t h e  f l u o r e s c e n t  method. I t  i s  a l s o  p o s s i b l e  t o  measure t h e  

amount o f  f l a v i n s  contained i n  t h e  c u l t u r e  by determining the  inc rease  i n  t h e  

mixed c u l t u r e  following seeding with t h e  s o i l  from t h e  p l a n e t .  

I t  i s  

This was t h e  case i n  p a r t i c u l a r  f o r  t h e  i n t r o d u c t i o n  of  ground 

Completely j u s t i f i e d  a t t e n t i o n  has been a t t r a c t e d  by a method based on 

t h e  q u a n t i t a t i v e  determinat ion of  ATP, contained i n  t h e  c e l l s  of  mult iplying 

microorganisms. I t  i s  based on t h e  phenomenon of  bioluminescence, i n  which 

the  r o l e  of  t he  energy s u b s t r a t e  i s  played by l u c i f e r i n  and l u c i f e r a s e  se rves  

as  t he  c a t a l y s t  and s imultaneously as the  s c i n t i l l a t i o n  agent .  For  t h i s  

r e a c t i o n ,  i t  is  necessary t o  have both ions  of  Mg and oxygen. I n  t h e  

presence of  ATP, a process  involving the  emission of  l i g h t  begins , which can 

be recorded by using t h e  same apparatus as f o r  determining t h e  ferroporphyrin 

p r o t e i n s  by t h e  chemiluminescent method. The s e n s i t i v i t y  of t he  " f i r e f l y "  

method i s  q u i t e  high; t h i s  method can be used t o  determine from t o  

gram/ml o f  ATP, so t h a t  it has  been recognized as one of t h e  methods t h a t  may 

be recommended f o r  d e t e c t i n g  e x t r a t e r r e s t r i a l  l i f e .  Unfortunately,  t h i s  method 

++ 
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can only be used i n  t h e  event  t h a t  t h e  cel ls  o f  t h e  microorganisms are broken 

down beforehand.  

t h i s  purpose i s  h igh ly  complicated,  s i n c e  it i n c r e a s e s  t h e  weight o f  t h e  

apparatus  and c a l l s  f o r  a d d i t i o n a l  e l e c t r i c a l  energy.  This  d i f f i c u l t y  may be 

overcome by using var ious  enzymatic p repa ra t ions  obta ined  from c u l t u r e s  of  

microorganisms and possess ing  t h e  a b i l i t y  t o  d i s s o l v e  t h e  ce l l  wa l l  of  micro- 

organisms. 

The use  o f  an u l t r a s o n i c  o r  mechanical d i s i n t e r g r a t o r  f o r  

Good r e s u l t s  i n  t h i s  d i r e c t i o n  a r e  a l s o  produced by lysozyme. 

The m u l t i p l i c a t i o n  of  microorganisms i s  r e g u l a r l y  accompanied by the  

accumulation o f  o p t i c a l l y  a c t i v e  substances i n  t h e  c u l t u r e .  The dynamics o f  

t h e i r  accumulation may be  determined wi th  t h e  a i d  of  a polar imeter  o r  a 

spectrophotopolar imeter  and a r e  worthy of  a t t e n t i o n ,  s i n c e  i n  t h i s  case t h e  

o p t i c a l l y  a c t i v e  substances a r e  formed as t h e  r e s u l t  of  b iosyn thes i s .  

, /38 I t  i s  a l s o  p o s s i b l e  t o  use devices  which measure t h e  inc rease  i n  t h e  - 
temperature of  t h e  c u l t u r e  l i q u i d  i t s e l f ,  as  i s  seen  i n  t h e  case o f  t h e  

m u l t i p l i c a t i o n  o f  cells  i n  Dewar v e s s e l s  o r  chambers equipped with h e a t  

i n s u l a t i o n .  

l a t i o n  o f  a s i g n i f i c a n t  biomass , t h e  c a l o r i m e t r i c  method may be  employed 

success fu l ly .  

organisms i n  a l i q u i d  n u t r i e n t  medium w i l l  n o t  be so  dramatic  i n  n a t u r e ,  i n  

any case ,  not u n t i l  optimum condi t ions  have been determined f o r  such develop- 

ment. 

no t  g ive  o f f  a s i g n i f i c a n t  amount of  h e a t .  

During t h e  i n t e n s i v e  development o f  t h e  c u l t u r e  and t h e  accumu- 

However, it is  q u i t e  p o s s i b l e  t h a t  t h e  growth of  t h e  micro- 

However, a small degree o f  m u l t i p l i c a t i o n  among t h e  ce l l s  may 

The methods t h a t  a r e  used f o r  d e t e c t i n g  e x t r a t e r r e s t r i a l  l i f e  may be 

sub jec t ed  t o  comparative eva lua t ion  and d iv ided  as a r e s u l t  i n t o  t h r e e  groups: 

t h e  most promising methods, s u i t a b l e  ones and those  whose use i s  less promis- 

i ng .  This  c l a s s i f i c a t i o n  of  methods and a n a l y t i c a l  procedures i s  given 

be low. 
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Analytical Procedures Proposed f o r  Detect ing E x t r a t e r r e s t r i a l  Life 

Most Promi s i n g  
~~ ~ ~ 

Determination of t h e  
growth o f  t h e  biomass. 

Quan t i t a t ive  determi- 
n a t i o n  o f  fe r ropor-  
phyr in  p r o t e i n s  ( i n  
dynamics) 

Quan t i t a t ive  determi - 
na t ion  o f  ATP ( i n  
dynamics) 

Quan t i t a t ive  de t  ermi - 
n a t i o n  o f  emi t ted  
r ad ioac t ive  carbon 
d i  oxide.  

Measurement of  t h e  
pH o f  t h e  c u l t u r e .  
Measurement of  t h e  
Eh o f  t h e  c u l t u r e .  

Worthy of  A t t en t ion  

Determinat ion o f  o p t i c a l  
a c t i v i t y .  

Quan t i t a t ive  determinat ion 
of  f lav ins .  

- ~~ 

Quan t i t a t ive  determinat ion 
o f  p r o t e i n ,  nucleic ac ids  
and amino ac ids .  

Determination of  phospha- 
tase a c t i v i t y .  

Manometry (determinat ion 
of t h e  p re s su re  i n  t h e  
chamber conta in ing  t h e  
c u l t u r e ) .  

Less Promising 

Use o f  O I 7  and 0l8. 

Use of an i so tope  
o f  su lphur .  

Calor imetry ( d e t e r  - 
mination o f  t h e  
amount o f  h e a t  form- 
ed during t h e  growth 
of microorganisms).  

Determination of 
mitogenet ic  r a d i -  
a t i o n .  

These d a t a  do not  pre tend  t o  be  exhaus t ive ,  b u t  they  a r e  based on t h e  

best-known recommendations. 

HQh-Speed .- Methods of  Detect ing E x t r a t e r r e s t r i a l  Life 

These methods cannot be based on seeding of  s o i l  and subsequent recording 

of  changes tak ing  p l ace  i n  a c u l t u r e  of  f l u i d .  This  excludes t h e  p o s s i b i l i t y  

of determining t h e  dynamics of t h e  changes which ensures  r e l i a b i l i t y .  I t  i s  
impossible  t o  use i s o l a t e d ,  s h o r t  ana lyses  of  t h e  s o i l  of  a p l a n e t  t o  ob ta in  

completely r e l i a b l e  proof of  t h e  ex i s t ence  of  l i f e .  However, t h e  performance 

of a number of func t iona l  tests with t h e  s o i l  of t h e  p l ane t  may be of  d e f i n i t e  

i n t e r e s t .  Na tu ra l ly ,  i n  those  ana lyses  which l a s t  one t o  two hours ,  it i s  
necessary t o  examine s o i l  samples t h a t  are s i g n i f i c a n t l y  l a r g e r  i n  s i z e  and 

weight than  those  which se rve  as  t h e  seeding m a t e r i a l  i n  experiments involv ing  

t h e  seeding of  t h e  s o i l  i n  a n u t r i e n t  medium. 

A s  was e s t a b l i s h e d  i n  our  l abora to ry ,  it i s  poss ib l e  with t h e  a i d  o f  

i s o l a t e d  s h o r t  ana lyses  t o  examine d e s e r t  s o i l  and f i n d  fe r roporphyr in  pro-  

t e i n s ,  ATP and t o  e s t a b l i s h  t h e  capac i ty  of s o i l  samples t o  cause breakdown of 
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glucose containing l a b e l l e d  carbon and t h e  l i b e r a t i o n  o f  r a d i o a c t i v e  carbon 

dioxide by v i r t u e  of t h e  mic ro f lo ra  contained i n  i t .  However, i t  i s  a l s o  

p o s s i b l e  t o  use o t h e r  methods of d e t e c t i n g  e x t r a t e r r e s t r i a l  l i f e  descr ibed 

i n  t h e  l i t e r a t u r e  f o r  t h i s  purpose.  However, t h e  high-speed methods of 

determinat ion,  as we have a l r eady  pointed o u t ,  are much less r e l i a b l e  than 

those  methods which allow t h e  growth and m u l t i p l i c a t i o n  of  c e l l s  of micro- 

organisms t o  be determined. 

Some P r i n c i j l e s  f o r  t h e  Design of B io log ica l  -- _ _  _- . . . S t a t i o n s  . - .~ 

The cons t ruc t ion  of apparatus f o r  d e t e c t i n g  e x t r a t e r r e s t r i a l  l i f e  goes 

beyond t h e  l i m i t s  of competence of b i o l o g i s t s .  However , c e r t a i n  views must be  

expressed which a r e  based on t h e  s tudy of va r ious  methods o f  d e t e c t i n g  e x t r a -  

t e r res t r ia l  l i f e .  F i r s t  of  a l l ,  i t  should be pointed out t h a t  t h e  recording 

of  t h e  growth and m u l t i p l i c a t i o n  o f  c e l l s  which must be c a r r i e d  out  fol lowing 

t h e  seeding of t h e  s o i l  o f  t h e  p l a n e t  must be performed simultaneously with 

t h e  a i d  o f  s e v e r a l  methods. The i r  number may vary from t h r e e  t o  s i x .  The 

s e l e c t e d  methods must be based on t h e  recording of  var ious phenomena o r  pro-  

cesses  whose inc rease  unquestionably i n d i c a t e s  t h e  growth and m u l t i p l i c a t i o n  

of  c e l l s .  In  t h e  majori ty  of  ca ses ,  repeated ob ta in ing  of information may be 

c a r r i e d  out  with a s i n g l e  mixed c u l t u r e ,  f o r  example, determinat ion of t h e  

number of c e l l s  or determination i n  the  medium (on t h e  b a s i s  of t h e  growth of 

t h e  c u l t u r e )  o f  t he  amount of phys io log ica l ly  a c t i v e  substances.  However , i n  

t hose  cases when d e s t r u c t i o n  of  t h e  c e l l s  i s  necessary f o r  a n a l y s i s ,  t h e r e  must 

be a number of  v e s s e l s  for growing c e l l s .  The d e s t r u c t i o n  of  t h e  c e l l s  and 

t h e  analyses are performed consecu t ive ly  a t  var ious i n t e r v a l s ,  and t h e r e f o r e  

repeated use of t he  c u l t u r e  i s  precluded.  I f  t h e  same recording devices  may 

be used f o r  ob ta in ing  information regarding d i f f e r e n t  processes  ( f o r  example , 
pho tomul t ip l i e r  and t h e  determinat ion of  t h e  i n t e n s i t y  o f  luminescence) , i t  i s  

completely j u s t i f i a b l e  t o  use t h i s  kind of recording device while  t h e  chambers 

i n  which the  microorganisms develop remain f i x e d .  As we know, t h e  tempera- 

t u r e  of  t h e  s u r f a c e  of  a p l a n e t ,  Mars i n  p a r t i c u l a r ,  v a r i e s  w i th in  r a t h e r  

wide l i m i t s .  However, i t  would be i n c o r r e c t  t o  c r e a t e  temperature v a r i a t i o n s  /40 
i n  t h e  chamber used f o r  growing t h e  b a c t e r i a .  On t h e  Ea r th ,  a l l  psychro- 

p h y l l i c  b a c t e r i a  do no t  l o s e  t h e  a b i l i t y  t o  mul t ip ly  i n t e n s i v e l y  (much more 

r 
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r a p i d l y  than a t  low temperatures) a t  h ighe r  temperatures .  Therefore ,  i t  i s  

necessary t o  maintain a t  a l l  t imes a temperature of 20-30' i n  t h e  chamber. 

The number o f  occasions on which recording of t h e  changes t ak ing  p l a c e  as a 

* r e s u l t  of t h e  growth of t h e  microorganisms i n  t h e  chamber can be performed 

must be  equal t o  a minimum of  t h r e e ,  bu t  i t  would be  d e s i r e a b l e  t o  perform 

them on more occasions.  

A l l  of  t h e  apparatus  i n  t h e  b i o l o g i c a l  s t a t i o n  must perform tests which I 

ensure t h a t  n e i t h e r  t h e  v i b r a t i o n s  nor  t h e  launching o r  landing o f  t h e  space- 

craft  have any e f f e c t  on t h e  ope ra t ion  o f  t h e  apparatus .  

n u t r i e n t  media, e tc .  must not  change t h e i r  c h a r a c t e r i s t i c s  during t h e  long 

f l i g h t  and must p re se rve  t h e i r  s t e r i l i t y .  

A l l  of t h e  r eagen t s ,  

The r e s u l t s  of  t h e  determinat ions may be  t r a n s m i t t e d  a t  once t o  Ea r th ,  

b u t  obviously t h e i r  s t o r a g e  i n  a memory device with subsequent t ransmission 

of  a l l  information would be more e f f i c i e n t .  

I t  i s  completely p o s s i b l e  t h a t  even be fo re  a b i o l o g i c a l  l abo ra to ry  lands 

on a p l ane t  o f  t h e  S o l a r  System, Mars i n  p a r t i c u l a r ,  our  information regard- 

i n g  t h e  condi t ions e x i s t i n g  t h e r e  may be expanded. This r e q u i r e s  making 

changes both i n  our  concept o f  t h e  ex i s t ence  of e x t r a t e r r e s t r i a l  l i f e  and i n  

t h e  design o f  i n s t rumen t s .  In  t h i s  a r t i c l e ,  w e  have d i scussed  t h e  most 

r e l i a b l e  method o f  d e t e c t i n g  e x t r a t e r r e s t r i a l  l i f e ,  based on t h e  measurement 

of t h e  dynamics of  t h e  growth and development of h e t e r o t r o p h i c  microorganisms, 

which may be found i n  t h e  s o i l  of  a p l a n e t .  However, t h e i r  ex i s t ence  i s  
p o s s i b l e  i n  only two cases .  E i t h e r  var ious o rgan ic  substances t h a t  a rose  as a 

r e s u l t  of chemical evo lu t ion  a r e  p r e s e n t  i n  s u f f i c i e n t  amounts on t h e  p l a n e t ,  

i . e . ,  as t h e  r e s u l t  of abiogenic  s y n t h e s i s ,  o r  e l s e  chemo- o r  pho tosyn the t i c  

microorganisms e x i s t  on t h e  p l a n e t  and syn thes i ze  o rgan ic  substances from t h e  

carbon dioxide i n  t h e  atmosphere. 

more l i k e l y  one. Therefore ,  t h e  next  s t a g e  i n  t h e  sea rch  f o r  l i f e  w i l l  i n -  

volve attempts t o  f i n d  photosynthesizing and chemosynthesi zing organisms i n  
t h e  s o i l  o f  t h e  p l a n e t .  Na tu ra l ly ,  i n  o rde r  t o  d e t e c t  them it w i l l  be 

necessary t o  modify t h e  methods t h a t  are used f o r  growing h e t e r o t r o p h i c  micro- 

s c o p i c  materials. However, t h e s e  changes w i l l  n o t  be fundamental, s i n c e  the  

Obviously t h e  second p o s s i b i l i t y  is  t h e  
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a b i l i t y  t o  syn thes i ze  t h e  subs tances  composing t h e  body from carbon d ioxide  

may be e s t ab l i shed  i n  var ious  ways. 

I n  searching  f o r  e x t r a t e r r e s t r i a l  l i f e ,  we may encounter  two i n t e r e s t i n g  

p o s s i b i l i t i e s .  

s o i l  analyses  w i l l  show t h a t  t h e r e  are traces o f  former l i f e  as i n d i c a t e d  by 

morphological and chemical s t u d i e s .  

program f o r  pa leobotanica l  and pa leozoologica l  s t u d i e s .  

b i l i t y  c o n s i s t s  i n  t h e  fact  t h a t  it w i l l  no t  be  microorganisms t h a t  a r e  found 

on t h e  p l a n e t  ( s ince  they  a r e  a l ready  q u i t e  complexly organized substances 

i n  an evolu t ionary  sense)  bu t  p r i m i t i v e  l i f e  forms t h a t  r ep resen t  t h e  very 

s ta r t  of evo lu t ion .  The d iscovery  of such p r i m i t i v e  l i f e  forms w i l l  n a t u r a l l y  

be o f  extremely g r e a t  i n t e r e s t ,  even more than  t h e  discovery of organisms 

resembling t e r r e s t r i a l  ones.  

F i r s t  o f  a l l ,  l i f e  may be missing a t  t h e  p r e s e n t  time, bu t  

Hence, p rov i s ion  must be  made i n  t h e  

The second p o s s i -  

However, t h e r e  a re -a s  y e t  no methods wi th  which such "precursors  of  l i fe"  

could be  d e t e c t e d .  This  does not  mean, of course ,  t h a t  such methods w i l l  no t  

be used i n  t h e  f u t u r e .  
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NUTRIENT MEDIA APPLICABLE TO MICROORGANISM DETECTION ON MARS 

L. A. Kuzyurina and V. M. Yakshina 

ABSTRACT. 
organic  medium f o r  t h e  growth o f  s o i l  microorganisms ex- 
t r a c t e d  from t h e  d e s e r t  s o i l s  o f  Africa and Karakum, a r i d  
gray s o i l  o f  Pamir, sandy s o i l  o f  A l m a  A t a ,  and red  s o i l  o f  
Georgia. I t  i s  assumed t h a t  l i f e  condi t ions  i n  t h e s e  s o i l s  
bear some remote resemblance with those  i n  Martian s o i l s .  

A s e l e c t i o n  was performed o f  t h e  opt imal  mineral- 

The sending o f  b i o l o g i c a l  s t a t i o n s  t o  t h e  p l a n e t s  i n  t h e  S o l a r  System 

has become a r e a l i t y .  In  conjunct ion with t h i s ,  many ques t ions  a r i s e  t h a t  

re la te  t o  t h e  methods of d e t e c t i n g  e x t r a t e r r e s t r i a l  l i f e ,  t h e  design of b io -  

l o g i c a l  s t a t i o n s ,  e tc .  P r i n c i p a l  a t t e n t i o n  i s  devoted t o  t h e  p o s s i b i l i t y  o f  

d e t e c t i n g  microorganisms on o t h e r  p l ane t s  , e s p e c i a l l y  Mars , and t h i s  n a t u r a l l y  

has  l e d  i n  t u r n  t o  t h e  r a i s i n g  o f  t h e  ques t ion  of  t h e  necessary  na ture  f o r  

t h e  n u t r i e n t  medium i n  which t h e  seeding of t h e  samples c o l l e c t e d  on t h e  

p l a n e t  i s  t o  t ake  p l a c e .  This  a r t i c l e  i s  devoted t o  a comparative eva lua t ion  

o f  var ious  n u t r i e n t  media. 

We know t h a t  t h e  air on Mars conta ins  very  l i t t l e  water  vapor.  Kuiper 

(1951) found t r a c e s  of water  vapor i n  t h e  i n f r a r e d  spectrum o f  t h e  "maria" 

and a l s o  de tec ted  i t s  absorp t ion  i n  t h e  ice of  t h e  p o l a r  caps.  

Firsov (1966) sugges ts  t h a t  with t h e  low barometr ic  p re s su re  and low 

water  vapor content  i n  t h e  atmosphere, t h e  absorp t ion  of  water  by t h e  rocks 

on t h e  Martian s u r f a c e  may be  a very important eco log ica l  f a c t o r .  The au thor  

sugges ts  t h a t  t h e  water  t a b l e  on Mars is  a t  a s u b s o i l  l e v e l  and as a r u l e  the  

water  does not  emerge on t h e  s u r f a c e .  Vokuler (1956) b e l i e v e s  t h a t  t h e  

c l imate  on Mars does not  d i f f e r  markedly from t h a t  on Ear th  and i s  only 

s l i g h t l y  more severe .  

/ 42 A number of  s c i e n t i s t s  (Tikhov , 1953, Lyubarskiy , 1962 ; Imshenetskiy , - 
1962; Oparin, 1966; Fesenkov, 1966; F i rsov ,  1966, e t  a l . )  suggest  t h a t  l i f e  on 

Mars has a carbonaceous na tu re  and t h a t  water  s e rves  as t h e  s o l v e n t .  Oparin 

and Fesenkov (1960) w r i t e  t h a t  we must exclude from s c i e n t i f i c  cons idera t ion  
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a l l  kinds o f  f a n t a s i e s  about q u a r t z  organisms and similar "fire beings". 

Oparin (1966) suggests  t h a t  t h e  evo lu t ion  o f  l i f e  on Mars may have taken 

place i n  t h e  same way as on E a r t h ,  and i f  Mars was formerly r i c h e r  i n  water, 

as many modern authors  b e l i e v e ,  t h e  high a b i l i t y  of  organisms t o  adapt t o  new 

condi t ions of  t h e i r  environment makes it p o s s i b l e  t h a t  l i v i n g  matter has 

adapted t o  t h e  bleak Martian climatk. 

Levin e t  a l .  , (1962) pu t  t o g e t h e r  a f l u i d  n u t r i e n t  medium containing 

carbon-label led compounds which was s e n t  with t h e  "Gulliver" apparatus  t o  

d e t e c t  Martian microorganisms. If  they e x i s t  i n  p a r t i c l e s  of  s o i l  t h a t  are. 

c o l l e c t e d ,  t h e i r  m u l t i p l i c a t i o n  on t h e  n u t r i e n t  medium w i l l  l i b e r a t e  r ad io -  

a c t i v e  carbon dioxide gas .  Information regarding t h e  amount of  carbon dioxide 

l i b e r a t e d  i n  t h i s  dynamic process  w i l l  be t r a n s m i t t e d  t o  E a r t h .  

The authors  t e s t e d  n u t r i e n t  media with c u l t u r e s  o f  va r ious  b a c t e r i a  , 
actinomycetes,  fungi  and water  p l a n t s  and decided on a medium with t h e  follow- 

i n g  composition ( i n  grams): K2HP0 

N a C l  -- 0 .1 ;  FeC13 -- 0.01, amino-acid hydrolysate  - -  4.0;  y e a s t  e x t r a c t  - -  
13.0; s o i l  e x t r a c t  -- 250 m l ;  p ro t eose  peptone -- 20.0; malt e x t r a c t  -- 3 .0 ;  

a sco rb ic  acid -- 0 .2 ;  1 -cys t e ine  - -  0.7 ;  meat e x t r a c t  - -  3.0;  d i s t i l l e d  water 

-- up t o  1 l i t e r .  The au tho r s  proceeded on t h e  b a s i s  of  an assumption t h a t  

t h e  Martian microorganisms do no t  d i f f e r  s u b s t a n t i a l l y  i n  t h e i r  phys io log ica l  

and biochemical c h a r a c t e r i s t i c s  from t e r r e s t r i a l  forms and a r e  ab le  t o  use 

t h e  necessary sources  of n u t r i t i o n  i n  a medium r i c h  i n  n u t r i e n t  subs t ances .  

From among t h e  organic  compounds containing r a d i o a c t i v e  carbon C 1 4  , they 

t e s t e d  glucose , formic a c i d ,  sodium a c e t a t e ,  sodium pyruva te ,  g lyc ine  and 

y e a s t  e x t r a c t ,  as well as c y s t e i n e ,  containing r a d i o a c t i v e  sulphur  S 3 5 .  

experiments with Escherichia coZi , t he  b e s t  r e s u l t s  were obtained using 

l a b e l l e d  formic a c i d  o r  glucose with an a c t i v i t y  equal t o  5 microcuries  p e r  

1 m l  of medium. The c o n t r o l  chamber contained everything t h a t  was contained 

i n  t h e  experimental chamber, bu t  an t ime tabo l i t e  was added t o  it as wel l .  The 

tes t  of  t h e  ope ra t ion  of  t h e  device under t e r res t r ia l  cond i t ions  was success-  

f u l .  

-- 1 . 0 ;  KN03 - -  0 . 5 ;  MgS04*7H2) -- 0.2;  4 

In  

I n  add i t ion  t o  t h e  h e t e r o t r o p h i c  microorganisms on o t h e r  p l a n e t s ,  espec- 

i a l l y  Mars , t h e r e  may be photoautotrophs and chemoautotrophs . However t h e  
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search f o r  he t e ro t rophs  must be given primary cons ide ra t ion .  

w e  s e l e c t e d  media which can be used t o  d e t e c t  t h e  growth of  microorganisms 

when seeded with minimum q u a n t i t i e s  o f  s o i l .  

I n  our  t e s t s ,  

Experimental Sec t ion  

Method 

The purpose o f  our work was t h e  s e l e c t i o n  of a t r anspa ren t  (very important 

from t h e  s t andpo in t  of  photometry o r  nephelometry) n u t r i e n t  medium, s u i t a b l e  

f o r  t he  growth of t he  ma jo r i ty  o f  h e t e r o t r o p h i c  s o i l  microorganisms t h a t  a r e  

encountered i n  a r i d  s o i l s ,  whose condi t ions may be s imilar  t o  some degree t o  

those on Mars (sharp d i u r n a l  temperature v a r i a t i o n s ,  dryness of t h e  s o i l ,  low 

content of  o rgan ic  subs t ances ) .  

The following s o i l s  were c o l l e c t e d :  from the  Karakum Desert ( t he  Repeteke 

and Darvazy r ayons ) ,  a r i d  serozem s o i l  (Pamir),  s o i l  from t h e  Nubian Desert 

(Central  Af r i ca ,  Martsut r eg ion ,  Province of T a k h r i r ) ,  wi th  a depth of 1 m l ,  

krasnozem (Georgian SSR) , and sandy s o i l  (Alma-Ata) . 
The s o i l  was added t o  f i x e d  media: a modified s y n t h e t i c  Rana medium, 

No. 2 ,  3 ,  4 ,  7 and 11, as  we l l  as on potato-peptone b r o t h  (PPB) with phosphate 

b u f f e r  without chalk and meat-peptone b ro th  (MPB). Data on t h e  composition 

of t h e  n u t r i e n t  media a r e  l i s t e d  i n  t h e  t a b l e .  

A s  t h e  carbon source ,  w e  used glucose;  i n  a d d i t i o n  t o  t h e  l a t t e r ,  i n  t h r e e  

media we a l s o  used sodium pyruvate .  Ammonium n i t r a t e ,  ammonium ch lo r ide  o r  

ammonium phosphate were used as  n i t rogen  sources ,  as we l l  as asparagine.  

Liver  and yeas t  e x t r a c t s  and a mixture of microelements were added t o  c e r t a i n  

media. 

A mixture of microelements with the  fol lowing composition ( i n  g / l )  was 

added t o  f i v e  organic-mineral  media: d i s t i l l e d  water - -  1 l i t e r ,  A12(S04)3 - -  
0 .3 ;  H3B03 - -  5 .0 ;  (NH ) Moo4 - -  5 . 0 ;  K I  -- 0 . 5 ;  K B r  - -  0.3; ZnSO - -  0.2; 4 2  4 

We would l i k e  t o  thank T. B .  Kazapskiy f o r  supplying us  t h e  s o i l  sample from 
t h e  Nubian Desert. 
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MnS04 -- 0.08; C O ( N O ~ ) ~  -- 0.1 ;  FeC13 -- 0.01. 

medium, we added 1 m i l l i l i t e r  o f  t h i s  mixture  of microelements.  

were performed i n  sets of  t h r e e  i n  two p a r a l l e l  tests a t  a temperature  of  28'. 

To each l i t e r  o f  n u t r i e n t  

Experiments 

A l l  of t h e  media had a pH of 6 .8-7 .2  (phosphate b u f f e r  was added).  

I t  was necessary t o  e s t a b l i s h  i n  which n u t r i e n t  media t h e  growth of  

microorganisms took p l a c e  when minimum q u a n t i t i e s  of  seeding m a t e r i a l  were 

added. One gram o f  s o i l  (converted t o  abso lu te  dry weight) was added t o  t h e  

first test  tube conta in ing  9 m l  o f  a c e r t a i n  n u t r i e n t  medium and then 

success ive  d i l u t i o n s  were performed with t h i s  same medium up t o  

Calcu la t ion  o f  t h e  amount o f  microorganisms i n  t h e  s o i l  samples when added t o  

l i q u i d  n u t r i e n t  media were performed by t h e  method of  maximum d i l u t i o n s  and 

subsequent eva lua t ion  o f  t h e  r e s u l t s  with t h e  a i d  of  t h e  Macready v a r i a t i o n -  /44 
s ta t i s t ica l  t a b l e  (Aristovskaya e t  a l . ,  1962). The b e s t  n u t r i e n t  medium was 

judged t o  be  t h e  one i n  which growth developed a f t e r  seeding with t h e  maximum 

d i l u t i o n  o f  t h e  s o i l  mix. 

Resul ts  of  I n v e s t i e a t i o n s  

The f i g u r e  shows t h e  i n c r e a s e  o f  microorganisms i n  l i q u i d  n u t r i e n t  media 

following seeding with var ious  s o i l s .  

very h ighes t  d i l u t i o n s  o f  t h e  s o i l ,  growth i s  de tec t ed  on mineral-organic  

media 11 and 7.  

Alma-Ata had a maximum t i t e r  of lo1', while t h e  s o i l  from t h e  Karakum Desert 

has values  of  l o 8  and l o 5 ,  bu t  i n  comparison t o  t h e  growth o f  microorganisms 

from these  s o i l s  on o t h e r  media, t h e  t i t e rs  on medium 11 remained h i g h e s t .  

The l i m i t i n g  t i t e r s  f o r  s o i l  microorganisms on medium 7 was somewhat lower 

(on t h e  order  of  lo7), with t h e  except ion of  t h e  krasnozem. 

I t  fol lows from t h e  diagram t h a t  a t  t h e  

On medium 11, P a m i r  serozem, krasnozem and sandy s o i l  from 

I n  i t s  n u t r i e n t  p r o p e r t i e s ,  potato-peptone b r o t h  resembles mineral-  - /45 

organic  medium 7 ,  judging by t h e  maximum t i t e r  of  s o i l  microorganisms. The 

t i t e r  of t h e  microbes on t h e  potato-peptone bro th  was somewhat less than on 

medium 7 .  
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COMPOSITION OF L I Q U I D  NUTRIENT MEDIA (IN GRAMS/LITER OF DISTILLED WATER) 

Component of t h e  
Medium 

.. - -- . .  

Glucose 
Asparagine 
Sodium Pyruvate 
NH4C 1 

NH4N0 

(NH4) 2HP04 
K2HP04 

KH2p04 
KC 1 
MgS04 7H20 

C a C 1 2  

N a C l  
FeC13 

Mixture of 
microelements 
Yeast auto l y s  a t e  
(6% substance 
i n  water) 
Liver  e x t r a c t  
(4.8% substance 
i n  water) 

pH o f  t h e  
medium 

~ . .  

Al te red  
Rana 
Medium 

10 
-- 
-- 
-- 
- -  

5 

5 
-- 

1 
0 . 1  

-- 

Traces 
I I  

-- 

-- 

- -  

7.0 
7.2 

PPB* Number of Medium 
. ._ .___ . . . .  . ~ .  

2 3 
. .  

10 10 

2 
-- -- 
-- 
1.0 1.0 

-- -- 
2.61 2.61 

0.91 0.91 
-- -- 
0 . 3  0 . 3  

0 . 1  0 . 1  

0 . 1  0 . 1  
- -  _ _  

1 m l  1 m l  

6 .98 7 . 0  

*20% p o t a t o  b ro th  with 0.5% peptone. 
- - _--- = -.= _._-3 _~___ ~ = ~ 

4 7 
. .  - _  . . -  

l o  
1 
2 

-- 
-- 
- -  

2.61 

0.91 
-- 
0.3 

0 . 1  

0 . 1  
_ _  

1 m l  

-- 

-- 

6.98 

. . ~ .  

10 
0.7 
2 
0 .3  
-- 
-- 

2.61 

0.91 
-- 

0.3  

0 .1  

0 . 1  
_ _  

1 m l  

-- 

1 m l  

6 .98  

- .  .~ 

11 

0 .5  -- 

2.61 -- 
0.91 -- 

1 m l  _ _  

5 m l  -_  

1 m l  -- 

6 . 9  6.96 
7 .0  

Media 11 and 7 a r e  s imilar  i n  t h e i r  composition. They have t h e  same 

mineral composition, mixture of microelements and added amounts of y e a s t  and 

l i v e r  a u t o l y s a t e s .  Medium 7, i n  a d d i t i o n  t o  glucose,  con ta ins  sodium pyruvate .  

The n i t rogen  sources  i n  both media a r e  asparagine and ammonium sa l t s ,  but  

medium 11 a l s o  con ta ins  n i t r a t e  as w e l l .  I t  i s  q u i t e  p o s s i b l e  t h a t  t h e  

presence o f  sodium pyruvate i s  no t  so important i n  t h e  medium when glucose i s  
p resen t  as w e l l ,  as t h e  d i v e r s i t y  o f  t h e  sources  o f  n i t r o g e n  n u t r i t i o n :  
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asparagine,  ammonium and n i t r a t e  s a l t s .  

Hence, as a r e s u l t  of t h e  comparison 

of t h e  degree o f  s u i t a b i l i t y  of t h e  

n u t r i e n t  media f o r  t h e  growth of  

h e t e r o t r o p h i c  microorganisms, found i n  

d e s e r t  s o i l s ,  medium 11 was found t o  be  

b e s t  . 
I t  i s  important t o  no te  t h a t  t h e  

t i t e r  o f  s o i l  microorganisms i n  t h e  

meat-peptone b r o t h  d i d  not exceed l o 3 ,  
r ega rd le s s  of  t h e  na tu re  o f  t h e  d e s e r t  

s o i l s  with which it  was inocu la t ed .  

A t  t h e  same time, however, t h e  t i t e r  on 

medium 11 was h i g h e r  by s i x  t o  seven 

orders  of  magnitude. A d i f f e r e n t  

p i c t u r e  was seen when chernozem 

was used f o r  seeding.  On t h e  medium 11 

Growth of  Microorganisms On 
Liquid Nu t r i en t  Media Following 
Seeding with Various S o i l s .  

a, S o i l  from Karakum Desert  
(Repetek) ; b ,  S o i l  from Kara- 
k m  Desert (Darvaza); c,  P a m i r  
serozem, a r i d  s o i l ;  d ,  S o i l  
from Nubian Deser t ;  e ,  Kras- 
nozem (Georgian SSR) ; f ,  Sandy 
s o i l  ( b r i g h t  serozem, Alma-Ata). 

and on MPB, t h e  t i t e r s  were h ighe r  and 

t h e  maximum t i t e r  on MPB exceeded t h e  

t i t e r  on medium 11 by one order  of 

magnitude. 

I t  was confirmed experimentally 

t h a t  t h e  b e s t  medium (11) was s u i t a b l e  

f o r  growing t h e  most d i v e r s e  micro- 
The ax is  o f  o r d i n a t e s  i s  
nega t ive .  

organisms upon i t .  Thus, a f t e r  18 hours 

a t  a temperature o f  28", BaeiZZus 
megaterim w i l l  grow fol lowing seeding from a d i l u t i o n  of 

prodigiosm w i l l  develop from On an aga r in i zed  medium 11, t h e  follow- 

ing  microorganisms w i l l  grow w e l l :  B .  fzuorescens, Escherichia c o l i ,  B .  

prodigiosum, SeZiberia steZZata, s t r a i n  2 ,  nov. s p .  ( i s o l a t e d  by Aristovska) , 
B .  mesenterieus, B .  cereus, B .  megaterim, B .  simplex, B .  cyzindrosporus, 
psychrophyl l ic  actinomycetes No. 921 and No. 924, i s o l a t e d  by Korenyako, 

Actinomyces vi0 Zaceus, Mycococeus ozigonitrophi Zus, Mycobacterium roseo-aZbwn 

while B.  

- /46 
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s t r a i n  368 (n i t rogen  f i x e r )  i s o l a t e d  by Kal ininska;  Saccharomyces cerevisiae,  
Zygosaccharomyces thermoto Zerans, Pichia v a n r i j i ,  Zygowi Z Ziopsis caZi f o m i c u s ,  
Hanseniaspora jaucmica, Aspergi Z Zus niger . 

I t  should b e  kep t  i n  mind t h a t  r e c e n t l y  a number of  new forms o f  micro- 

organisms have been i s o l a t e d  from s o i l  ( N i k i t i n  e t  a l .  1966). Some of  t hese  

c u l t u r e s 1  have been seeded on medium 11, and i t  was a l s o  found t h a t  Agro- 
bacteriwn po Zyspheroidwn a l s o  grows on t h i s  medium. 

I n  conclusion, we would l i k e  t o '  express  o u r  profound apprec ia t ion  t o  

Academician A. A. Imshenetskiy f o r  d i r e c t i n g  t h e  work. 

Conclusions 

1. S o i l  microorganisms have much h ighe r  growth t i t e r s  on mineral-organic  

n u t r i e n t  media with y e a s t  and l i v e r  e x t r a c t s  and a mixture o f  microelements 

than on modified Rana medium. 

2 .  Medium 11 proved t o  be t h e  b e s t  n u t r i e n t  medium. When t h e  fol lowing 

s o i l s  were seeded on t h i s  medium, t h e  h ighes t  growth t i t e r  i n  s o i l  micro- 

organisms was observed: Nubian Desert (Afr ica)  and Karakum Desert  (Tadzhikis- 

t an )  a r i d  serozem (Pamir),  sandy s o i l  (Alma-Ata) and krasnozem (Georgian 

SSR). The exception was found i n  t h e  case of  seeding made with s o i l  from t h e  

Karakum Desert (Darvaza) : on medium 7 ,  growth of microorganisms was found 

following seeding from a high d i l u t i o n .  

3 .  On mineral-organic  media which do no t  contain l i v e r  o r  yeas t  ex- 

t r a c t s  and microelements, seeding with a l l  o f  t h e  s t u d i e d  s o i l  samples was 

followed by a determinat ion of  t he  lowest t i t e r  o f  s o i l  microorganisms. 

4 ,  The most s u i t a b l e  medium f o r  growing s o i l  microorganisms i n  t h e  

seeding o f  d e s e r t  s o i l s  was meat-peptone b r o t h :  t h e  t i t e r  of b a c t e r i a  d id  not  

exceed l o 3  and on medium 11 the  t i t e r  was s i x  t o  seven o rde r s  o f  magnitude 

h ighe r .  

~ ___ - - . - - - _ _ _  _ _  - 

We express our deep apprec ia t ion  t o  D. I .  N i k i t i n  f o r  supplying us with new 
forms of  s o i l  microorganisms. 
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USE OF PHOTOMETRY I N  THE ULTRAVIOLET AND VISIBLE REGIONS FOR THE 
RECORDING OF THE GROWTH OF MICROORGANISMS I N  A L I Q U I D  MEDIUM 

G .  G .  Sotnikov 

ABSTRACT: 
t o  d e t e c t  s i g n s  o f  e x t r a t e r r e s t r i a l  l i f e  on t h e  p l a n e t  Mars 
i s  discussed.  I t  i s  shown t h a t  t h e  background from l imon i t e ,  
i n  t h e  amount of  2 . 5  g / l i t e r  of  t r a n s p a r e n t  nu t r i en t  medium, 
can make t h e  performance o f  photometric measurements d i f f i -  
c u l t ,  When measuring absorpt ion i n  t h e  u l t r a v i o l e t  region 
a t  A = 280 nm, t h e  process  of  m u l t i p l i c a t i o n  o f  micro- 
organisms shows up most c l e a r l y .  Photometry i n  t h e  u l t r a -  
v i o l e t  and v i s i b l e  regions of  t h e  spectrum makes i t  p o s s i b l e  
t o  determine t h e  ra te  o f  m u l t i p l i c a t i o n  of microorganisms 
i n  dynamic form and t o  confirm t h e i r  dea th ,  cha rac t e r i zed  
by a decrease i n  o p t i c a l  d e n s i t y .  

The p o s s i b i l i t y  o f  using t h e  photometric method 

One o f  t h e  most c h a r a c t e r i s t i c  p r o p e r t i e s  of  microorganisms i s  t h e i r  

a b i l i t y  t o  absorb l i g h t  o f  c e r t a i n  wavelengths i n  t h e  u l t r a v i o l e t  r eg ion .  

A s  we know, t h e  var ious components of t h e  microbe c e l l ,  such as t h e  

amino a c i d s ,  p r o t e i n s  and n u c l e i c  a c i d s ,  have a completely determined maximum 

of  absorpt ion i n  t h e  u l t r a v i o l e t  region.  

l i e s  i n  the  region o f  280 nm while  t h a t  f o r  n u c l e i c  ac ids  i s  260-265 nm. 

The maximum absorpt ion f o r  p r o t e i n  

When l i g h t  i n  t h e  v i s i b l e  p o r t i o n  of  t h e  spectrum passes  through a sus-  

pension of  microorganisms, we s e e  e s s e n t i a l l y  a s c a t t e r i n g  of  t h e  l i g h t  by 

t h e  b a c t e r i a ,  which depends on t h e  concen t r a t ion ,  s i z e  and c o e f f i c i e n t s  of r e -  

f r a c t i o n  o f  t he  ce1J.s (Fikhman, Petukhov, 1967). Absorption o f  l i g h t  i n  the  

v i s i b l e  po r t ion  o f  t h e  spectrum by i n t r a c e l l u l a r  pigments i s  i n s i g n i f i c a n t .  

With the  a i d  of  modern spectrophotometers ,  i t  i s  p o s s i b l e  t o  measure d i r e c t l y  

i n  t h e  suspension only t h e  absorpt ion s p e c t r a  o f  t h e  cytochromes, which have /48 
r a t h e r  narrow and c h a r a c t e r i s t i c  absorpt ion bands (Lisenkova, Mokhova, 1967). 

I t  should be mentioned t h a t  t h e  s e n s i t i v i t y  of modern o p t i c a l  apparatus ,  

recording t h e  s c a t t e r i n g  o f  l i g h t  by a suspension o f  microorganisms, amounts t o  

106 cells p e r  m i l l i l i t e r  f o r  a u n i c e l l u l a r  green water  p l a n t  (ChZoreZZa) 
measuring 3-5 microns (Fi l ippovskiy e t  a l . ,  1967; Brandt, 1967). In  t h e  case 

of b a c t e r i a l  c e l l s ,  i n s i g n i f i c a n t  changes i n  t h e  o p t i c a l  d e n s i t y  of suspen- 

s ions  containing from 5 0 1 0 ~  t o  5-109 c e l l s  p e r  m i l l i l i t e r  have been r e l i a b l y  



recorded (Sid'ko e t  a l . ,  1967). By using t h e  Vishniac method (Vishniac,  

1960),  t h e  American engineers  Buckendahl, Ried and Lemberg (1965) designed a 

nephelometer with an ingenious o p t i c a l  system f o r  recording t h e  m u l t i p l i -  

c a t i o n  of  microorganisms on t h e  b a s i s  of t h e  s c a t t e r i n g  of  l i g h t .  

concentrat ion t h a t  can b e  de t ec t ed  by t h i s  device mounted i n  a "Wolf t r a p "  

intended f o r  d e t e c t i n g  extraterrestr ia l  l i f e  i s  equal  t o  l o 4  cells  p e r  

m i  1 li l i t e r  . 

The minimum 

Experiment a1 Sec t ion  

Method 

To measure t h e  t o t a l  absorpt ion and s c a t t e r i n g  o f  l i g h t  i n  t h e  u l t r a -  

v i o l e t  and v i s i b l e  regions of t h e  spectrum by t h e  c e l l s  of microorganisms 

mult iplying i n  a n u t r i e n t  medium, a device based on t h e  SF-4 spectrophotometer 

was b u i l t .  I n  order  t o  i n c r e a s e  s e n s i t i v i t y  of  t h i s  dev ice ,  t h e  F-4 and F-5 

pho toce l l s  were r ep laced  by pho tomul t ip l i e r s  (FEU-39) f o r  t h e  u l t r a v i o l e t  

region and FEU-42 f o r  t h e  v i s i b l e .  a high- 

r e s i s t a n c e  e l e c t r o n i c  s t r i p - c h a r t  recording potent iometer  EPPV-60MZ was used 

(Demidova e t  a l . ,  1967). The no i se  l e v e l  i n  t h e  potent iometer  was reduced 

by means of t h e  s e l e c t i v e  p r o p e r t i e s  of t h e  a m p l i f i e r ,  equipped with i n t e r -  

s t a g e  negat ive feedback. 

To record t h e  s i g n a l  v a r i a t i o n s  

The diagram of  t h e  modified photometer f o r  use i n  t h e  u l t r a v i o l e t  and 

v i s i b l e  ranges i s  shown i n  Figure 1. 

The ope ra t ing  p r i n c i p l e  i s  as fol lows:  l i g h t  from t h e  lamp passes  through 

a monochromator, making it  p o s s i b l e  t o  work a t  t h e  f i x e d  wavelength, and then 

e n t e r s  a qua r t z  c e l l  containing t h e  suspension o f  microorganisms t o  be s t u d i e d ;  

t h e  l i g h t  i s  absorbed, s c a t t e r e d  and then s t r i k e s  t h e  l i g h t  s e n s o r ,  a photo- 

m u l t i p l i e r ,  where t h e  l i g h t  s i g n a l  i s  transformed i n t o  an e l e c t r i c a l  one 

amplified and then recorded by the  e l e c t r o n i c  s t r i p  c h a r t  recording device f o r  

measurement and recording of  small cu r ren t s  (5*10-7-5*10-11 ampere). There 

was p r a c t i c a l l y  no zero d r i f t .  

1300 v o l t s .  The working vo l t age  on t h e  FEU-42 i s  1000 v o l t s .  

The operat ing vo l t age  o f  t h e  FEU-39 i s  
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Resul ts  of  S tud ie s  
. .~ 

We begin by t e s t i n g  

t h e  s e n s i t i v i t y  o f  t h e  

instrument .  The photo- 

meter records t h e  concen- 

t r a t i o n s  of p r o t e i n  up t o  

lo-* g/ml on t h e  b a s i s  of 

absorpt ion a t  a wave- 
length of 280 nm, and 

. -  

I-- .. 

-4 1 

Figure 1. Diagram of  Modified Photometer 
For  Working i n  t h e  U l t r a v i o l e t  and Vi s ib l e  

- 

determines t h e  concen- 

Regions o f  t he  Spectrum. t r a t i o n  of y e a s t  c e l l s  

1, Hydrogen lamp f o r  working i n  t h e  s p e c t r a l  
range from 220-320 nm o r  incandescent lamp 
f o r  t h e  v i s i b l e  region;  2 ,  Quartz mono- 
chromator o f  SF-4A spectrophotometer;  
2a, Ex i t  s l i t  of monochromator; 3,  Cel l  
s e c t i o n  o f  t h e  spectrophotometer;  4 ,  Tempera- 
t u r e - s t a b i l i z e d  c e l l ;  5 ,  Quartz c e l l  with 
capaci ty  o f  5 m l  (5 mm wide);  6 ,  Ultra- 
thermostat ;  7 ,  Radiat ion senso r -pho toe lec t ron ic  
m u l t i p l i e r ;  8 ,  High-voltage s t a b i l i z e d  r e c t i -  
f i e r ;  VS-22; 9 ,  E l e c t r o n i c  s t r i p - c h a r t  record- 
i n g  device f o r  measuring and recording small 
c u r r e n t  , EPPV-60MZ. 

(Saccharoq ces ce revis iae ) 
i n  amounts up t o  5-103 

c e l l s  p e r  m l  of  physio- 

l o g i c a l  s o l u t i o n  and 

spores of  BaciZZus 
stearothermophi Zus ( s t r a i n  

214) i n  t h e  amount o f  

2.105 spores  p e r  m l  of 

mineral  medium. 

To o b t a i n  s p o r e s ,  

Baci ZZus stearothemo- 
phiZus ( s t r a i n  214) was grown on tomato agar  a t  55' f o r  10 days.  

The s i g n a l  from t h e  absorpt ion of t h e  phys io log ica l  s o l u t i o n ,  t h e  n u t r i e n t  

medium, was assumed t o  be zero absorpt ion i n  r e l a t i v e  u n i t s  with monochromatic 

e x c i t a t i o n  a t  280 nm. The e r r o r  o f  t h e  method d i d  no t  exceed 2 % .  

. L a t e r ,  we s t u d i e d  s o i l  from t h e  Karakum Desert (Repetek), which i s  

r e l a t i v e l y  poorer  i n  mic ro f lo ra ,  and continuously c u l t i v a t e d  garden s o i l  from 

t h e  middle l a t i t u d e s  of t h e  European p o r t i o n  o f  t h e  USSR. Measurement o f  

- - - _ _  .__ - - . - - - - 

The composition of t h e  medium ( i n  g / l )  was as fol lows:  K2HP0, 30; KH2P04, 10; 

NH4C1,  5 ;  Na2S04, 1; MgS04'7H20, 0.1; MnS04, 0.1;  FeSO *7H20, 0.1; CaC12,  
0.001; pH 7 . 3 .  

4 
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absorpt ion and s c a t t e r i n g  by t h e  microorganisms was performed a t  

wavelengths: 280, 380, 480 and 680 nm. Suspensions of s o i l  equa 

d i f f e r e n t  

t o  5 mg 

were added t o  10 m l  o f  n u t r i e n t  medium. The i n i t i a l  s i g n a l  from t h e  prepared 

suspension o f  microorganisms from d e s e r t  s o i l  i n  t h e  medium was assumed t o  be  

zero absorpt ion and t h e  s c a t t e r i n g  was expressed i n  r e l a t i v e  u n i t s  with mono- 

chromatic e x c i t a t i o n .  The i n i t i a l  concentrat ion o f  microorganisms i n  spo res  

was 1-103 c e l l s  pe r  m i l l i l i t e r .  

Goryayev chamber. 

The number o f  c e l l s  was e s t ima ted  i n  a 

Experiments were performed a t  27, 37 and 47". 

I n  t h e  c o n t r o l s ,  0 .5% forma- 

l i n  was added t o  t h e  medium, 
.d which d i d  no t  i n t roduce  any 
c, Q) 3rl 
.@ .2 --/ 

s i g n i f i c a n t  changes i n  t h e  ab- 

s o r p t i o n  and s c a t t e r i n g ,  bu t  

stopped t h e  process  of  m u l t i p l i -  I 

Hours ca t ion  of  t h e  microorganisms. d 2 4 4 d ki 1.' 1,. 

The con t ro l  s i g n a l  a t  t h e  beginning Figure 2 .  Measurement o f  Absorption 
With Monochromatic E x c i t a t i o n ,  A = and end of t h e  experiment was 
280 nm, During t h e  Process of Multi-  
p l i c a t i o n  of  Microf lora  from Desert  
Soi 1 a t  Various Temperatures. 

c o n s t a n t .  

I n  Figure 2 ,  w e  have p l o t t e d  

t h e  curves showing t h e  dependence 1, A t  27"; 2 ,  a t  7'; 3,  a t  37", with 
t h e  s o i l  moistened beforehand a t  4";  
4, a t  47". of  absorpt ion on t ime i n  r e l a t i v e  

u n i t s  a t  280 nm. Curve 1 shows 

t h e  r e l a t i o n s h i p  of t he  absorpt ion of l i g h t  during t h e  process  of  m u l t i p l i -  

ca t ion  of microorganisms with time a t  27". 

'I1 hours .  

The s i g n a l  was recorded only a f t e r  

The f i n a l  concentrat ion was equal t o  1-108 c e l l s  p e r  m i l l i l i t e r .  

A t  37",  t h e  s i g n a l  was recorded a f t e r  5-6 hours (curve 2 ) .  When using 

d e s e r t  s o i l  p rev ious ly  moistened f o r  a day a t  4" f o r  t h e  purpose of  seeding,  

development proceeds more r a p i d l y  and reaches a s t a t i o n a r y  concentrat ion o f  

l * l O 9  c e l l s  p e r  m i l l i l i t e r  i n  10 hours (curve 3 ) .  

d e s e r t  s o i l ,  t h e  s t a t i o n a r y  concentrat ion equal  t o  l .109 c e l l s  p e r  m i l l i l i t e r  

was reached i n  16 hours (curve 2 ) .  

I n  seeding with unmoistened 

A t  47", t h e  s i g n a l  i s  recorded a f t e r  2-3 hours (curve 4 ) .  One can 

c l e a r l y  s e e  t h e  d i f f e r e n t  n a t u r e  of  t h e  curve showing t h e  dependence o f  
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absorpt ion on time. 

t h a t  t h e  g r e a t e s t  amount of  s lope  (about 60') i s  seen i n  t h e  curve,  i n d i c a t -  

i ng  a low va lue  f o r  t h e  genera t ion  t i m e ,  i . e . ,  a high rate of m u l t i p l i c a t i o n  

o f  t h e  microorganisms. La te r ,  t h e  m u l t i p l i c a t i o n  process  slows down by a 

f a c t o r  o f  two. 

I t  i s  p r e c i s e l y  during t h e  f irst  hours (up t o  5 hours)  

The purpose of  t h i s  s tudy  was p r i m a r i l y  t o  determine t h e  p o s s i b i l i t y  of 

us ing  photometr ic  methods t o  determine whether t h e r e  a r e  any s i g n s  of l i f e  on 

t h e  p l a n e t  Mars. 

sugges ts  t h a t  i t s  su r face  i s  l a r g e l y  covered by l imoni te  (Vokuler, 1956).  I t  

was necessary t o  determine t h e  degree t o  which t h e  background from l imoni te  

would h inde r  performance of photometr ic  measurements. 

l imoni te  i s  added i n  amounts g r e a t e r  than 2.5 g / l  of  t r anspa ren t  n u t r i e n t  

medium, i t  becomes impossible  t o  ob ta in  a p o s i t i v e  s i g n a l  due t o  t h e  mul t i -  

p ly ing  microorganisms. 

The s tudy  o f  t h e  p o l a r i z a t i o n  o f  l i g h t  r e f l e c t e d  from Mars 

I t  was found t h a t  when 

50 

Figure 3 .  Change i n  Absorption 
of Monochromatic Light a t  A = 
280 nm During rhe  Process of 
Mul t ip l i ca t ion  o f  Microf lora  
from Desert  S o i l  ( a t  37'). 

1, 2.5 mg s o i l  + 2.5 mg limo- 
n i t e  p e r  10 m l  o f  medium; 
2 ,  25 mg of s o i l  + 25 mg 
l imoni te  pe r  10 ml of  medium. 

Figure 4 .  Change i n  At tenuat ion  
of Monochromatic Light a t  X = 
480 nm During t h e  Process o f  
Mu1 t i p l i  ca t ion  o f  M i  c rof  l o r a  
from Desert  S o i l  ( a t  37'). 

1, 2 .5  mg s o i l  + 2.5 mg limo- 
n i t e  p e r  10 m l  of  medium; 
2 ,  25 mg of s o i l  + 25 mg limo- 
n i t e  p e r  10 m l  o f  medium. 
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Figure 5.  Change i n  Absorption 
o f  Monochromatic Light a t  X = 
280 nm During M u l t i p l i c a t i o n  of 
Microorganisms Following Seeding 
o f  S o i l  from t h e  c e n t r a l  La t i -  
tudes of t h e  European p a r t  of  
t h e  USSR ( a t  37" ) .  

1, 5 mg o f  s o i l  p e r  10 m l  o f  
medium; 2 ,  50 mg of s o i l  p e r  
10 m l  of medium; i n i t i a l  con- 
c e n t r a t i o n  equals  2 .  l o 6  c e l l s  
p e r  m i  1 li 1 i te r  ; s t a t  i onary 
concentrat ion equals 1. 3*10g9 
cel ls  p e r  m i l l i l i t e r .  

0 L' 4 6 8 IO 1: It H~~~~ 

Figure 7 .  Change i n  Absorption of  
Monochromatic Light a t  X = 280 nm 
During Mul t ip l i ca t ion  and Dying Out 
o f  Microorganisms Following Seeding 
With Sandy S o i l  ( a t  37") ;  1 mg o f  
d e s e r t  s o i l  p e r  10 m l  o f  medium. 

The arrow i n d i c a t e s  t h e  moment at  
which formalin was added. 

Figure 6 .  Change i n  Attenuat ion 
of Monochromatic Light a t  X = 
480 nm During M u l t i p l i c a t i o n  of 
Microorganisms Following Seeding 
of S o i l  from t h e  Cen t ra l  Lat i -  
t udes  of  t h e  European Part  of 
t h e  USSR ( a t  37" ) .  

1, 5 mg o f  s o i l  p e r  10 m l  of 
medium; 2 ,  50 mg o f  s o i l  p e r  
10 m l  of  medium; i n i t i a l  con- 
c e n t r a t i o n  equals  1 .5-106 c e l l s  
p e r  m i l l i l i t e r ;  s t a t i o n a r y  
concentrat ion equals  1.109 
cells p e r  m i l l i l i t e r .  

We can s e e  from Figures 3 and 

4 t h a t  with a concen t r a t ion  o f  

d e s e r t  s o i l  and l imonite  equal t o  

2.5 mg p e r  10 m l  of n u t r i e n t  

medium t h e  p r e c i p i t a t i o n  of min- 

e r a l  p a r t i c l e s  t o  t h e  bottom of 

t h e  q u a r t z  cel l  t akes  p l a c e  q u i t e  

r a p i d l y  ( i n  2-3 hours) and t h e  

i n i t i a l  background i s  i n s i g n i f i -  

cant  (2-4 r e l a t i v e  u n i t s ) .  The 

o p t i c a l  d e n s i t y  f o r  t h e  n u t r i e n t  

medium, measured with the  a i d  of  

t h e  FEK-56 with a r ed  l i g h t  f i l t e r  

No 9 equals  0 .02.  For 5 mg of 

l imonite  i n  10 m l  of n u t r i e n t  
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medium, t h e  o p t i c a l  d e n s i t y  i s  equal t o  0 .06 .  When the  l imonite  concentrat ion 

i s  increased by a f a c t o r  o f  10, t h e  o p t i c a l  d e n s i t y  i n c r e a s e s  accordingly by 

an o rde r  of  magnitude (0.63-0.75).  

With a t o t a l  content  o f  l imon i t e  and sand of 50 mg ( i n  a r a t i o  of 1 : l )  

pe r  10 m l  of medium, t h e  i n i t i a l  t u r b i d i t y  i n c r e a s e s  by a f a c t o r  of 9-10 and 

i n  2-3  hours t h e r e  i s  complete p r e c i p i t a t i o n  o f  t h e  ino rgan ic  p a r t i c l e s  under 

the  i n f l u e n c e  of t h e  f o r c e  of g r a v i t y .  Since t h e  f o r c e  o f  g r a v i t y  on Mars i s  

0.38 g of  t h a t  on E a r t h ,  t h e  p rocess  of p r e c i p i t a t i o n  of  p a r t i c l e s  w i l i  pro- 

ceed more s lowly,  which w i l l  have a negat ive e f f e c t  on t h e  ob ta in ing  o f  a 
use fu l  s i g n a l .  Completely analogous curves were obtained f o r  s o i l s  r i c h  i n  

organic  matter and mic ro f lo ra .  We can s e e  from Figures 5 and 6 how t h e  

p r e c i p i t a t i o n  of mineral  particles proceeds and how t h e  p rocess  o f  m u l t i p l i -  

ca t ion  of  microorganisms t a k e s  p l a c e .  

I t  i s  necessary t o  p o i n t  out an important d e t a i l  i n  t h i s  connection: when 

measuring absorpt ion a t  280 nm, t h e  process of  m u l t i p l i c a t i o n  of  microorganisms 

becomes more d e f i n i t e  (Figure 3 and 5 ,  curve 2 ) .  Upon t h e  death of t he  micro- 

organisms which are i n  a s t a t i o n a r y  phase of  development, t h e r e  i s  a decrease 

i n  the  o p t i c a l  d e n s i t y  of t h e  c u l t u r e  medium. Af t e r  16 hours ,  t h e  use fu l  

s i g n a l  decreases by a f a c t o r  of  3 (Figure 7 ) .  

Conclusions - /53 

1. Photometry i n  t h e  u l t r a v i o l e t  and v i s i b l e  regions of  t h e  spectrum 

makes i t  p o s s i b l e  t o  observe t h e  m u l t i p l i c a t i o n  of  microorganisms i n  a dynamic 

f a sh ion .  

2 .  Working concen t r a t ions  determined by t h e  photometer i n  t h e  u l t r a -  

v i o l e t  range equal  n -105  cells pe r  m i l l i l i t e r ,  and n*106 c e l l s  p e r  m i l l i l i t e r  

i n  t h e  v i s i b l e .  
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ADENOSINE TRIPHOSPHATE DETERMINATION I N  EXTRATERRESTRIAL LIFE DETECTION 

S. A. Butenko, L.  M.  Mukhin, Y e .  I .  Milekhina 

ABSTRACT. Descr ip t ion  of  a h igh ly  s e n s i t i v e  , q u a n t i t a t i v e  
ATP-determination method us ing  an e x t r a c t  o f  t h e  luminescent 
organs of  f i re f l ies .  The method i s  based an t h e  fact t h a t  
t h e  fe rmenta t ive  oxida t ion  o f  t h e  l u c i f e r i n  i n  t h e  e x t r a c t  
occurs only i n  t h e  presence o f  ATP. 

I t  i s  well known t h a t  adenosine t r i phospha te  (ATP) i s  a un ive r sa l  agent  

f o r  energy conversion and transfer i n  processes  of v i t a l  a c t i v i t y .  
wi th  t h e  problem o f  d e t e c t i n g  e x t r a t e r r e s t r i a l  l i f e ,  i t  has become necessary 

t o  measure ATP q u a n t i t a t i v e l y .  A t  t h e  present  t i m e ,  a h ighly  s e n s i t i v e  b io -  

luminescent method developed by McElroy and S t r e h l e r  (1954) i s  widely used 

f o r  t h i s  purpose.  The b a s i s  of  t h i s  method i s  t h e  f a c t  t h a t  i n  t h e  so -ca l l ed  

" f i r e f l y "  e x t r a c t  obtained from t h e  luminescent organs of f i r e f l i e s ,  t he  

enzymatic oxida t ion  of  l u c i f e r i n  takes  p l ace  only i n  t h e  presence of  ATP i n  

t h e  system. 

r eac t ions  which i n  t h e i r  opinion cause luminescence i n  t h e  l u c i f e r i n - l u c i f e r -  

ase-ATP system i n  f i r e f l i e s  ( see  the  f i g u r e ) .  

In conjunct ion  

McElroy and S e l i g e r  (1961) proposed t h e  fol lowing s e r i e s  of 
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Phenolphthalein 

40 
Complex E- t-AM 

ttip 
Complex ,- 

enzyme-active 
l u  ci fen n 

Complex I - 4' ,, I 
product-enzyme I 
fexcited state) F] + Light 

in basic state E-L"-AMP 

Reactions Proposed by McElroy and S e l i g e r .  

The i n t e n s i t y  of  t he  

glow i s  l i n e a r l y  dependent on 

t h e  concent ra t ion  o f  ATP. This  

f a c t  se rved  a s  t h e  b a s i s  f o r  

t h e  development of  t h e  chemi- 

luminescent method of determin- 

ing  ATP i n  h ighly  d ive r se  

systems: i n  t h e  c e l l s  of  micro- 

organisms, i n  the  t i s s u e s  of 

animals and p l a n t s ,  e t c .  How- 

eve r ,  t h i s  method has been used 

q u i t e  r a r e l y  i n  microbio logica l  

s t u d i e s ,  due p r imar i ly  t o  t h e  
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extremely small  content  of ATP i n  microorganisms and i t s  v a r i a t i o n  wi th in  

l i m i t s  of 10-16-10'18 gram of ATP p e r  ce l l .  

Since t h e  minimum amount of ATP t h a t  could be determined on S o v i e t - b u i l t  

ins t ruments  i n  use  a t  t h e  p re sen t  t i m e  i s  g/ml (Tumeran and Fedorovich, 

1967), q u a n t i t a t i v e  s t u d i e s  have t o  be  performed with h igh ly  concentrated 

suspensions of cel ls .  Hence, it is  extremely important  t o  i n c r e a s e  t h e  

s e n s i t i v i t y  of determining ATP. For t h i s  purpose,  we use t h e  fo l lowing  

system which allows measurement of ATP concent ra t ions  i n  s o l u t i o n  up t o  

g/ml ( see  t h e  drawing) ,  

The s t a b i l i z e d  high vo l t age  

i s  supp l i ed  by a VS-22 r e c t i f i e r  

(1) t o  t h e  unput o f  t h e  FEU-42 

pho tomul t ip l i e r  ( 2 ) .  A qua r t z  

r e a c t i o n  ce l l  wi th  a volume o f  

3 m l  i s  mounted i n  f r o n t  o f  t h e  

photocathode o f  t h e  phototube. 

The phototube and t h e  c e l l  are 

mounted i n  a l i gh tp roof  housing. 

I 
i 1 .i 1-1 3 1-1 5 \--I 6 I I 
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The vo l t age  impulses which develop on t h e  anode o f  t h e  phototube as t h e  r e s u l t  

of t h e  bioluminescent  r e a c t i o n  a r e  ampl i f ied  by an impermeable a m p l i f i e r  USh-2 

(3) and suppl ied  t o  t h e  inpu t  o f  a count ing- ra te  i n t e g r a t o r  ISS-3 (5).  

s i g n a l  i s  recorded by means o f  an e l e c t r o n i c  s t r i p  c h a r t  r eco rde r  with 

potent iometer ,  type EPP-09 (6 ) .  

accomplished with t h e  a i d  o f  an e l e c t r o n i c  osc i l l og raph  40-101 (4 ) .  

vo l t age  across  t h e  pho tomul i tp l i e r  and t h e  ampl i f i ca t ion  mode are s e l e c t e d  s o  

t h a t  t h e  s igna l - to -no i se  r a t i o  i s  maximum. 

succeeded i n  obta in ing  a r e l i a b l e  s i g n a l  f o r  va lues  up t o  

p e r  m i l l i l i t e r  o f  s o l u t i o n .  

The 

Visual  observa t ion  of  t h e  r e a c t i o n  process  i s  

The 

With t h e  a i d  o f  t h i s  system, w e  

gram o f  ATP 

Method o f  Preparing F i r e f l y  Ext.ract - .. . ~ ~.. ~ -.. . - 

To determine t h e  amount o f  ATP from t h e  luminous organs o f  f i r e f l i e s ,  it 

is necessary t o  e x t r a c t  t h e  enzyme-substrate complex, l u c i f e r a s e  and l u c i f e r i n .  

To do t h i s ,  166 mg of  d r i e d  f i r e f l y  t a i l s  were ground i n  a p o r c e l a i n  mortar 
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with 50 m l  of  cold 0.025 M glycyl-glycine b u f f e r  (pH 7.8) .  The suspension was 

cen t r i fuged  f o r  15 minutes on a K 14 c e n t r i f u g e  (10,000 rpm) a t  Oo, t h e  

p r e c i p i t a t e  was e x t r a c t e d  r epea ted ly  with 50 m l  of  t h e  same b u f f e r  and c e n t r i -  

.fuged again.  The supe rna tan t  l i q u i d s  were decanted t o g e t h e r ,  f rozen (then 

thawed) and s t o r e d  i n  a r e f r i g e r a t o r  f o r  two days. Then t h e  f i r e f l y  e x t r a c t  

w a s  s epa ra t ed  from t h e  denatured p r o t e i n  by f i l t r a t i o n  through f i l t e r  pape r .  

A l l  ope ra t ions  were c a r r i e d  out  a t  0 t o  + 4 O .  

s t o r e d  i n  t h e  f rozen  s t a t e .  I t  remained a c t i v e  f o r  s i x  months. 

The prepared extract  was 

Prepa ra t ion  -- . o f  Adenosine - Triphosphate ~~ - Solu t ion  

One mil l igram of  adenosine t r i phospha te  sodium s a l t  ( a  p repa ra t ion  ob- 

t a i n e d  from t h e  Hungarian f i r m  o f  "Reanal") was d i s so lved  i n  10 m l  of doubly 

d i s t i l l e d  water  and by means of a s e r i e s  of  d i l u t i o n s ,  adenosine t r i phospha te  

d i l u t i o n s  from 10-1 t o  g/ml were obtained.  

Preparat ion --. - of Suspensions __ of  Bac te r i a  -- and Yeast 

In  t h i s  work, we used two-day c u l t u r e s  o f  Escherichia c o l i ,  Serrat ia  

marcescens, and Saccharomyces cerevisiae,  grown on t i l t e d  meat and must agar ,  
r e s p e c t i v e l y .  The c e l l s  were r in sed  with d i s t i l l e d  water and suspensions of 

microorganisms were prepared according t o  t h e  t u r b i d i t y  s t anda rd  (500,000,000 

c e l l s ) .  Then t h e  number o f  c e l l s  was determined under t h e  microscope. 

Preparat ion - -- ~~ of S o i l  E x t r a c t s  

The s o i l  samples were placed i n  a s t e r i l e  p o r c e l a i n  mortar ,  a small  

q u a n t i t y  of  d i s t i l l e d  water  was added, and the  s o i l  was c a r e f u l l y  s t i r r e d  f o r  

10 minutes.  

15 minutes and f i l t e r e d  through a No. 6 membrane f i l t e r .  The s o i l  s o l u t i o n  

was i n v e s t i g a t e d  f o r  i t s  ATP con ten t .  

Then t h e  s o i l  suspension was placed i n  a magnetic s t i r r e r  f o r  

Resul ts  ~- . o f  t h e  S t u d i e s  

Our work involved determining t h e  minimum q u a n t i t y  o f  ATP required t o  

cause l i g h t  emission as determined by our instrument .  

performed with a f i r e f l y  e x t r a c t  prepared with 0.025 M glycyl-glycine b u f f e r  

(pH 7.8) and 0 . 1  M t r i s - b u f f e r  (pH 7 . 4 ) .  As w e  can see from t h e  d a t a  l i s t e d  

The experiments were 
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below, t h e  luminosity t h a t  was observed was more i n t e n s i v e  i f  t h e  r e a c t i o n  

took p l a c e  with an e x t r a c t  prepared with glycyl-glycine b u f f e r .  

Concentration Amplitude o f  
of ATP, g/ml S i g n a l ,  Re la t ive  

Units  

Glycyl-glycine b u f f e r  

10-10 25 

10-9 28 

10-8 59 

10-7 119 

Concent r a t i o n  Amplitude of  
of ATP, g/ml S i g n a l ,  Re la t ive  

Units  

T r  is  - b u f f e r  

10-10 11 

10-8 47 

10-9 24 

10-7 89 

A concentrat ion of  ATP equal t o  10-lo- lO-l l  g/ml i s  t h e  minimum t h a t  

could be determined with t h e  a i d  of ou r  ATP-meter .  

A s  f a r  as t h e  c u l t u r e s  of  Escherichia co l i ,  Serrat ia  marcescens and 

Saccharomyces cerevisiae were concerned, t h e  work involves  breaking them down 

by var ious methods and then  determining t h e i r  ATP con ten t .  Aqueous sus -  

pensions o f  t h e s e  c u l t u r e s  were sub jec t ed  t o  hea t ing  i n  a b o i l i n g  water  ba th  

a t  temperatures up t o  100" f o r  5-30 minutes .  

A s  w e  can see from t h e  d a t a  i n  Table 1, with t h e  a i d  of  hea t ing  ATP may 

be observed only i n  t h e  y e a s t ;  l i b e r a t i o n  of,ATP t akes  p l a c e  only t o  a very 

s l i g h t  degree i n  t h e  case of E. co l i .  
i n s i g n i f i c a n t  breakdown when hea ted .  

A pure p repa ra t ion  o f  ATP undergoes 

The s tudy of  t h e  in f luence  o f  f r eez ing  and thawing on t h e  l i b e r a t i o n  of 

ATP from t h e  c e l l s  showed t h a t  only i n  t h e  case of S. cerevisiae can ATP be  

determined g/ml) fol lowing repeated f r e e z i n g  and thawing (Table 2 ) .  

A s tudy of  t h e  e f f e c t  o f  u l t r a sound  on t h e  breakdown o f  c e l l s  and t h e  

l i b e r a t i o n  of ATP showed t h a t  ATP g/ml) may be e x t r a c t e d  and measured 

i n  t h e  case of  a l l  t h e  c u l t u r e s  i n v e s t i g a t e d  following f i v e  minute exposure 

t o  u l t r a s o n i c  d i s r u p t i o n  (Table 3) .  

We a l s o  performed work involving the  s tudy of  t he  e f f e c t  of lysozyme on 

t h e  process  of l i b e r a t i o n  of i n t r a c e l l u l a r  ATP. 

as shown i n  Table 4 i n d i c a t e  t h a t  l i b e r a t i o n  of ATP can be accomplished under 

t h e  in f luence  of  lysozyme only i n  t h e  case o f  S. cerevis iae.  

The r e s u l t s  o f  t h e  experiments 
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TABLE 1. INFLUENCE OF HEATING ON THE PROCESS OF LIBERATION OF 
INTRACELLULAR ATP 

1 2  E. co l i  
Serratia marcescens 3 
Sacch. cerevisiae 7 

__ ~~ . 

Treatment, 
minutes 

10 
3 

17 

Without 
hea t ing  

Heating t o  
l o o o  

5 
10 
20 
30 
60 

. . . . . . . . .  ._ 

E. C o Z i  

I - .  - . 

. . 

98 

78 
78 
78 
70 
60 

0 

10 
13 

7 
-- 

-- 

Serratia ** cerevisiae * *  ---m marcescens 

5 

17 
20 

13  
- -  

- 

* The numbers i n d i c a t e  t h e  amplitude o f  t h e  s i g n a l  on t h e  ATP-meter 
**Pure c u l t u r e s  were obtained from the  Standard Cu l tu re  Department o f  t h e  

I n s t i t u t e .  of Microbiology o f  t h e  Academy o f  Sciences o f  t h e  USSR. 

TABLE 2 .  INFLUENCE OF FREEZING A N D  THAWING ON THE LIBERATION OF 
INTRACELLULAR ATP 

T r i p l e  f r e e z i n g  
and thawing 

10 
0 

117 

100 

TABLE 3 .  EFFECT OF ULTRASOUND ON THE DISRUPTION O F  CELLS 
~ _ _ _ _ _ _  = . . ~ 

~ _ - .  

Dura-tTon- Of-DTst-ruction of Cells by U 1  trasound*, 
m i  nut e s  Cul ture  

. ___-  

E .  c o l i  
Serratia marcescens 
Sacch. cerevisiae 

*Destruct ion took p l a c e  on t h e  MSE u l t r a s o n i c  apparatus .  

. . . .  . . .  . ._ = ~ . . . . . . . . . . . . . . . . .  i---- _. ~ .- 

65 



- _  - 
5 

E. Coli  3 
Serrat ia  mareescens 3 
Sacch. eerevisiae 45 

__ -. .- 

We know t h a t  lysozyme does no t  destroy t h e  c e l l  walls of  a l l  microorgan- 

isms by any means. 

a combination o f  prel iminary f r e e z i n g  and thawing o r  hea t ing  with subsequent 

d e s t r u c t i o n  of  t h e  i n v e s t i g a t e d  c u l t u r e s  by lysozyme. 

Therefore ,  w e  performed experiments t o  s tudy  t h e  e f f e c t  of 

120:~' - . 
. . .  . - ~  

. -. . . 30 . - _- 1: -~ ... - _  . .=- ~ - .  - 

3 4 
2 2 

43 2 2  

Experiments (Table 5) showed t h a t  t h e  c e l l  walls of Serrat ia  marcescens 
and E.  eoZi are broken down by lysozyme i f  the  c e l l  suspension i s  sub jec t ed  

beforehand t o  a 10 minute exposure t o  high temperature ( l o o o ) .  S. cerevisiae 
i s  broken down by lysozyme both following f r e e z i n g  and thawing and following 

t h e  a c t i o n  of  high temperature (Table 5 ) .  

0.025 
0.125 
0.250 
0 .5  
1 . 0  

ATP, 1 0-  

TABLE 5 .  DESTRUCTION OF CELLS BY LYSOZYME WITH PRELIMINARY F R E E Z I N G  AND 
THAWING AS WELL AS BY THE ACTION OF H I G H  TEMPERATURE I N  ORDER TO DETER- 
MINE THE CONTENT OF INTRACELLULAR ATP. 

_ _  
4 
6 
6 

2 1  
15 
30 

Treat men t 

Boil ing ( l o o o ,  10  min.) + 
lysozyme (30 min.) 
Freezing and thawing 
(3 t imes) + lysozyme (30 min.) 
Without t reatment  

- . -  . 

. = . .-_ 

E.  Coli 
- - - - .__ 

7 8  

36 
1 2  

. . .  _ _ = _ _  

.- - - . . - - . . .  

Serrat ia  
marses cens 

*_ 

165 

30 
24 

TABLE 6 .  DETERMINATION OF ATP I N  SOIL EXTRACT 

840  

1290 
24  

- - . . . i . . . - 
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Lysozyme, 
30 
10 
26 
27 
1 2  
6 

30 

_------=_ 

- - _  - -  
Bo i 1 i ng , 
100" , l o  min. 

21 
20 
15 
15 
15 
30 

- -  

Lysozyme, 3 0 - 7  
b o i l i n g  f o r  10 min 

1 2  
30 
30 
30 
26 
30 

- - -  -- 
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Tes t s  were performed t o  determine t h e  amount of  ATP i n  s o i l  e x t r a c t  

containing s o i  1 microorganisms. 

The d a t a  l i s t e d  i n  Table 6 i n d i c a t e  t h a t  it was p o s s i b l e  t o  measure ATP 

-in t h e  s o i l  under i n v e s t i g a t i o n  following t reatment  o f  t h e  s o i l  e x t r a c t  with 

lysozyme and lysozyme i n  combination with b o i l i n g ,  f r e e z i n g  and thawing. 

Evaluation -~ of  t h e  Resul ts  
~~ 

I t  w a s  d iscovered i n  t h e  course of prel iminary experiments t h a t  t h e  

minimum amount of  ATP which could be de t ec t ed  with t h e  a i d  of t h e  l u c i f e r i n -  

l u c i f e r a s e  system i s  equal t o  10-lo-lO-ll  g/ml. 

cells  of  Saccharomyces cerevis iae,  Serrat ia  marcescens, E.  coZi. I t  was found 

t h a t  b o i l i n g ,  t r i p l e  f r e e z i n g  and thawing and t h e  a c t i o n  o f  lysozyme caused 

l i b e r a t i o n  o f  i n t r a c e l l u l a r  ATP only i n  t h e  case of t h e  y e a s t .  For  b a c t e r i a ,  

t h e s e  methods y i e lded  completely o r  p a r t i a l l y  negat ive r e s u l t s .  

following prel iminary t reatment  of t h e  b a c t e r i a l  c e l l s  by b o i l i n g ,  lysozyme 

r e a d i l y  broke them down, thereby l i b e r a t i n g  t h e  i n t r a c e l l u l a r  ATP. The 

d e s t r u c t i o n  of  t he  c e l l s  by u l t r a sound  i n  a pe r iod  of f i v e  minutes a l s o  

leads t o  t h e  l i b e r a t i o n  o f  ATP. We s tud ied  s o i l  from t h e  Karakum Desert ,  

which contains  microorganisms i n  t h e  amount of  l o 5  c e l l s  p e r  gram. 

o f  s o i l  sub jec t ed  t o  e x t r a c t i o n  v a r i e d  from 0.025 t o  1 g/ml. 

Tests were performed with 

However, 

The amount 

The s o i l  e x t r a c t s  were sub jec t ed  t o  t h e  a c t i o n  of  lysozyme, b o i l i n g  and 

the  combined a c t i o n  of  lysozyme and b o i l i n g .  I n  u n t r e a t e d  s o i l  e x t r a c t s ,  ATP 

could be found. I t  was i n  those  cases when t h e  e x t r a c t  was prepared from 

r e l a t i v e l y  l a r g e  amounts of  s o i l  t h a t  t h e  s i g n a l  amplitude was r a t h e r  high.  

The t reatment  of  t h e  s o i l  e x t r a c t s  with lysozyme or b o i l i n g  them does /60 
not  lead t o  a r e l i a b l e  s i g n a l  i n c r e a s e ,  although i n  some cases  a favorable  

e f f e c t  is observed. Successive t reatment  of  t h e  s o i l  samples by b o i l i n g  and 

with lysozyme leads t o  t h e  l i b e r a t i o n  o f  i n t r a c e l l u l a r  ATP and a sharp i n c r e a s e  

i n  the  s i g n a l  amplitude.  

The examples given,  i t  seems t o  u s ,  show t h a t  t h e  bioluminescent method 

of ATP determinat ion may f i n d  very ex tens ive  a p p l i c a t i o n  under t h e  most d i v e r s e  

b i o l o g i c a l  and biochemical s tudy  cond i t ions .  
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Conclusions 

1. ATP may be  measured i n  d e s e r t  s o i l  e x t r a c t s  with t h e  a i d  of  f i r e f l y  

r e a c t i o n .  

2 .  Detect ion o f  ATP is  p o s s i b l e  i n  d e s e r t  s o i l  which conta ins  l o 5  c e l l s  

o f  microorganisms. 

3 .  The q u a n t i t a t i v e  determinat ion of ATP may be  used a s  one of t h e  

methods f o r  d e t e c t i o n  of e x t r a t e r r e s t r i a l  l i f e .  
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DETECTION OF FERROPORPHYRIN PROTEINS I N  EXTRATERRESTRIAL LIFE SEARCHES 

G .  G .  Sotnikov and S .  A .  Butenko 

ABSTRACT. The p o s s i b i l i t y  i s  s t u d i e d  o f  u s ing  t h e  biochemical 
luminescence r e a c t i o n  f o r  determining porphyrin con ta in ing  
p r o t e i n s  of microorganisms. I t  i s  shown t h a t  t he  k i n e t i c s  of  
t h e  r e a c t i o n  with porphyrin-containing p r o t e i n s  d i f f e r s  both 
i n  amplitude and i n  chemoluminescent s i g n a l  du ra t ion  from t h e  
k i n e t i c s  of  r e a c t i o n s  with i ron -con ta in ing  c a t a l y s t s  o f  
nonhemin o r i g i n .  The k i n e t i c s  o f  luminol peroxide r e a c t i o n s  
with s o i l  m i c r o f l o r a ,  with pu re  b a c t e r i a l  c u l t u r e s ,  and with 
chemically pure porphyrin-containing p r o t e i n  p repa ra t ions  
are a l t o g e t h e r  i d e n t i c a l .  
u t i o n  by l y s i s  agents  i s  r equ i r ed  f o r  recording t h e  s i g n a l  
o f  f e r roporphyr in  presence.  

No p re l imina ry  c e l l  wall d i s s o l -  

The s y n t h e s i s  of porphyrins  is  a necessary s t e p  i n  t h e  process  of t h e  

development o f  l i f e .  Some i n v e s t i g a t o r s  (Gaffron, 1960; Calvin,  1962) f e e l  

t h a t  porphyrins played an a c t i v e  r o l e  i n  t h e  e a r l i e s t  s t a g e  o f  formation of  

o rgan ic  s t r u c t u r e s  ; o t h e r s  (Mi l l e r ,  Urey, 1959) d e c l a r e  t h a t  porphyrins may 

have been formed i n  t h e  process  o f  evo lu t ion  of t h e  f i r s t  organisms. Strug- 

ho ld  and R i t t e r  (1962) ho ld  t h a t  porphyrins  o f  t h e  heme type a rose  following - /6 1 
t h e  formation o f  ch lo rophy l l .  Thus , Szutka (1963) sugges t s  t h a t  i n  t h e  

f irst  s t a g e  of  chemical evo lu t ion ,  fol lowing s a t u r a t i o n  of t h e  medium by 

simple organic  compounds, cond i t ions  arose (ozone sc reen  , absence of UV 

r a d i a t i o n  as an energy source)  which made it p o s s i b l e  f o r  t h e  porphyrins t o  

appear.  Hydrogen peroxide was formed as t h e  reducing condi t ions t h a t  e x i s t e d  

i n  the  atmosphere were changed i n t o  ox id iz ing  ones.  I t  was necessary t o  have 

a mechanism which would provide f o r  r a p i d  breakdown of any peroxide t h a t  

developed. Calvin (1959) observed t h a t  t he  a b i l i t y  of  i r o n  t o  ca t a lyze  t h e  

decomposition of peroxide i s  increased by a f a c t o r  of  l o 3  i f  t h e  i r o n  atom 

becomes a p a r t  o f  t h e  porphyrin molecule. However, a s s o c i a t i o n  o f  t h e  i r o n  

with c e r t a i n  p r o t e i n s  ( c a t a l a s e )  i n c r e a s e s  t h e  ra te  o f  decomposition of 

peroxide by l o 7  t imes.  
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Ferroporphyrin p r o t e i n s  , c a t a l a s e  , peroxidase,  hemoglobin and cyto- 

chrome c are complex enzymes whose p r o s t h e t i c  group is  ferroporphyrin I X  o r  
i t s  d e r i v a t i v e s  (Blyumenfel'd, Purmal',  1964). Ferroporphyrin enzymes can be 

divided i n t o  two b a s i c  c l a s s e s  : 1) cytochromes , which a r e  oxidizing-reducing 

enzymes t h a t  p a r t i c i p a t e  i n  t h e  t r a n s f e r  o f  e l e c t r o n s  i n  t h e  r e s p i r a t o r y  chain;  

2)  c a t a l a s e  and peroxidase , which a r e  oxidizing-reducing enzymes t h a t  
used hydrogen peroxide as an acceptor .  

The b a s i c  func t ion  of c a t a l a s e  i s  t o  ca t a lyze  t h e  r e a c t i o n  of  t h e  de- 

composition of hydrogen peroxide and thereby p r o t e c t  t h e  biochemical systems 

of t h e  cel l  from t h e  t o x i c  e f f e c t  o f  hydrogen peroxide,  which i s  formed with 

t h e  p a r t i c i p a t i o n  o f  f l a v i n  ox id iz ing  enzymes. 

The t o t a l  a c t i v i t y  of t h e  c a t a l a s e  and peroxidase r e a c t i o n s  i s  r e f e r r e d  

t o  as t he  hydroperoxidase a c t i v i t y  (Ponomarenko, 1965).  To determine the  

hydroperoxidase a c t i v i t y ,  we used a chemiluminescent method based on the  

oxidat ion o f  3-aminophthalohydrazide (luminol) by hydrogen peroxide i n  an 

a l k a l i n e  medium (Albrecht , 1928; Vasserman, Miklukhin, 1939).  The r e a c t i o n  

involving t h e  ox ida t ion  of  t h e  luminol by peroxide has been s t u d i e d  over t h e  

l as t  30 yea r s  (Sveshnikov, 1938; Sveshnikov, Dikun, 1945; White, 1961). 

White s t u d i e d  t h e  ox ida t ion  o f  luminol i n  aqueous s o l u t i o n .  

t h e  luminescence o f  luminol corresponds t o  quanta  (60-70 kcal /mol) .  The 

maximum chemiluminescence i s  i n  the  430 nm range,  corresponding t o  

68 kcal/mol.  

H e  showed t h a t  

Any explanat ion o f  t h e  mechanism of luminescence of  luminol must t ake  

i n t o  account t he  f a c t  t h a t  both oxygen and hydrogen peroxide a r e  r equ i r ed  f o r  

chemiluminescence; f r e e  r a d i c a l s  and t h e  necessary metal-containing c a t a l y s t s  

p a r t i c i p a t e  i n  t h e  r e a c t i o n .  The medium i n  which t h e  ox ida t ion  of t h e  luminol 

takes  p l ace  must be a l k a l i n e ;  chemiluminescence i s  most i n t e n s i v e  a t  a pH of 

11 (White, 1961; White e t  a l . ,  1965).  

Experimental Sec t ion  /62 
A system was set  up at  t h e  I n s t i t u t e  o f  Microbiology of  t h e  Academy o f  

Sciences of  t h e  USSR t o  s tudy biochemiluminescence. Figure 1 shows a block 

diagram o f  t h i s  arrangement. 
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The r e a c t i o n  c e l l  (1) and t h e  pho toe lec t ron ic  m u l t i p l i e r  (2) are en- 

c losed i n  a metall ic l i g h t p r o o f  housing ( 3 ) .  The p h o t o m u l t i p l i e r  i s  powered 

by a high-vol tage s t a b i l i z e d  rec t i f ie r  (4 ) .  
t h e  ce l l  by means o f  a p l a s t i c  s y r i n g e  with a capac i ty  of  3 m l .  

t h e  r e a c t i o n ,  t h e  products are drained through t h e  lower opening i n  t h e  c e l l .  

The l i g h t  s i g n a l  i s  transformed i n  t h e  p h o t o e l e c t r o n i c  m u l t i p l i e r  i n t o  an 

e l e c t r i c a l  s i g n a l ,  which i s  amplif ied by a wide-band a m p l i f i e r  (5), i n t e g r a t e d  

(7) and recorded by an automatic potent iometer  ( 8 ) .  The p a t t e r n  o f  t h e  

luminescence can only be observed v i s u a l l y  by means of  an o s c i l l o g r a p h  ( 6 ) .  

The vo l t age  supp l i ed  t o  t h e  FEU-42 i s  600 v o l t s .  The ampl i f i ca t ion  i s  

30,000. The range o f  measurement on t h e  p u l s e  counting r a t e  i n t e g r a t o r  ISS is 

equal t o  5-15 l o 3  impulses/sec.  

5 * 101 impulses / s e c  . 

The r e a c t i o n  mixture i s  added t o  

A t  t h e  end o f  

The background from t h e  luminol-H202 i s  

Figure 1. Diagram of  Apparatus For 
Biochemi lumines cence . 

Prepa ra t ion  of  Reaction Mixture 

The r e a c t i o n  mixture 

. . . .  

(luminol + peroxide) i s  p re -  

pared by d i s s o l v i n g  50 mg o f  

luminol i n  100 m l  of  0 . 1  N 

N a O H ,  a f t e r  which 0 . 2  m l  of  a 

30% s o l u t i o n  of H202 (Voronov, 

Kononenko, 1966) i s  added t o  

t h e  s o l u t i o n .  2 m l  o f  t h e  r e a c t i o n  mixture i s  then added by means o f  a p l a s t i c  

sy r inge  t o  a c e l l  with a capac i ty  of 3 m l ,  a f t e r  which t h e  same sy r inge  i s  

used co add 1 m l  of t h e  c a t a l y s t  being s t u d i e d  t o  t h e  c e l l  o r  e l s e  a suspension 

o f  microorganisms. The use of  a metal  s y r i n g e  i s  n o t  recommended. The c e l l  

i s  r in sed  dut  with d i s t i l l e d  wa te r .  

K ine t i c s  o f  t h e  Luminol-Peroxide Reaction With - Various . .  Components 

During t h e  ox ida t ion  of  luminol by peroxide,  t h e r e  i s  a prolonged chemi- 

luminescence of t h e  luminol which i s  constant  i n  i n t e n s i t y .  Against t h e  

background of t h i s  luminescence, when luminol-peroxide ions  of i r o n  a r e  added 

t o  t h e  system i n  t h e  form of a s o l u t i o n  o f  FeS04 sa l t s  o r  i r o n  c i t r a t e ,  t h e r e  

i s  an inc rease  i n  t h e  s i g n a l  i n t e n s i t y  i n  t h e  form of  a peak on t h e  curve and - /64 
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1 
a rap id  drop i n  t h e  course of several seconds (Figure 2 ) .  The k i n e t i c s  o f  

t h i s  r e a c t i o n  fol lowing t h e  in t roduc t ion  of a b i o l o g i c a l  c a t a l y s t  cons i s t ing  

of e i t h e r  pure p repa ra t ions  o f  prophyrin-containing p r o t e i n  (Figure 3) o r  

microorganisms and spores  conta in ing  t h e s e  p r o t e i n s  (Figure 4) d i f f e r s  

markedly i n  i n t e n s i t y  and q u i t e  s t r o n g l y  during t h e  course of t h e  dec l ine  i n  

luminescence. 

Figure 2 .  Kine t ics  of  t h e  
Reaction Involving Luminol 
+ H 2 0 2  With Ca ta lys t s  of  

Nonhemin Or ig in .  

1, FeSO -concent ra t ion  of 4 
10-4 M ;  2 ,  i r o n  ammonium 
c i t r a t e  i n  a concent ra t ion  
of  l . 2 - 1 0 - 3  g/1 i n  a l i q u i d  
n u t r i e n t  medium f o r  hydro- 
genous b a c t e r i a .  

chemiluminescence s i g n a l .  The 

Figure 3. Kine t ics  o f  t h e  Luminol + H 2 0 2  

Reaction With Ca ta lys t s  of  Hemin Or ig in .  

1, c a t a l a s e ,  concent ra t ion  equals  M ;  
2 ,  peroxidase ,  concent ra t ion  equals  M; 
3, cytochrome c,  concent ra t ion  equals  M ;  
4 ,  hemoglobin, concent ra t ion  equals  M .  

Obtaining B acteri  a1 Pr o t  op 1 as t s  -_ .. . .  . 

We s t u d i e d  t h e  e f f e c t  of var ious  

l y t i c  p repa ra t ions  on t h e  c e l l  wa l l s  of  

E .  c o l i  and B .  megaterim f o r  t h e  purpose 

o f  e x t r a c t i n g  t h e  porphyrin-containing 

p r o t e i n s  and obta in ing  t h e  maximum b i o -  

€allowing p repa ra t ions  were i n v e s t i g a t e d :  

Japanese lysozyme ( f i rm of "Nagase") , Japanese celluzyme ( f i rm of "Nagase"), 

Hungarian lysozyme ( f i r m  of l lReanalfl)  and p repa ra t ions  of c e l l u l o l y t i c  enzymes 

prepared from f i l t r a t e s  of  c u l t u r e  l i q u i d s  from Aspergillus terreus and A .  

f m i g a t u s  (Loginova, Tashpulatov,  1967) .  The l y t i c  substances were added i n  

var ious  concent ra t ions  t o  t h e  suspensions o f  b a c t e r i a l  c e l l s .  The dens i ty  of 

t h e  suspension was 5-108 cel ls  p e r  m l .  The cells  were counted i n  a Goryayev 
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chamber. Then t h e  cel ls  were incubated at  28  and 40° f o r  s e v e r a l  hours i n  a 

medium with t h e  following compositions: 

gram, asparagine -- 0 .1  gram, KH PO 

MgSO*7H20 -- 0.3 gram, CaCI2  -- 0 . 1  gram, N a C l  -- 0.1 gram, s o l u t i o n  of a 
mixture of microelements - -  1 m l ,  yeas t  a u t o l y s a t e  -- 5 m l ,  l i v e r  e x t r a c t  -- 
0 .1  m l ,  d i s t i l l e d  water  - -  1 l i t e r .  

glucose - -  10 grams, NH4N03 -- 0.5  

-- 0.91 gram, K2HP04 -- 2.61 gram 2 4  

Figure 4 .  K ine t i c s  of t h e  Luminol-Hydrogen 
Peroxide Reaction With Pure Cultures  of 
Nonsporiferous and Sporiferous Bac te r i a .  

1, Hydrogenous b a c t e r i a  Hydrogenomonas 2-1,  
c e l l  concentrat ion i n  t h e  n u t r i e n t  medium 
equals  1.109 c e l l s  p e r  m l ;  2 ,  E. co l i ,  
concentrat ion o f  1.5.108 c e l l s  p e r  m l ;  
3, B. megaterim, concentrat ion o f  4.10' 
c e l l s  p e r  m l ;  4 ,  spores  o f  B. simplex, 
concentrat ion o f  1.109 c e l l s  p e r  m l .  

To suppress s y n t h e s i s  and i n c r e a s e  t h e  pe rmeab i l i t y  o f  t h e  c e l l  w a l l ,  

p e n i c i l l i n  was added i n  t h e  amount of 1,000 u n i t s  p e r  m l  of  c e l l  suspension 

(Martin,  1963). A s  a c o n t r o l ,  we used b a c t e r i a l  c e l l s  without  add i t ion  of  a 

l y t i c  p repa ra t ion  and p e n i c i l l i n ,  as we l l  as c e l l s  with p e n i c i l l i n  a lone.  

Photometric Determination of t h e  Ef fec t  of L y t i c  P repa ra t ions  on C e l l s  o f  
E. c o l i  andB. megaterim 

- -__ _____ 

The e f f e c t  of l y t i c  p repa ra t ions  on microorganisms was examined with t h e  

a i d  of  t h e  SF-4A spectrophotometer,  s i n c e  t h e  suspension became more t r a n s -  

pa ren t  as t h e  c e l l s  were lysed.  The pho toce l l  was replaced by a more s e n s i -  

t i v e  l i g h t  s enso r  - -  t h e  pho toe lec t ron ic  m u l t i p l i e r ,  FEU-42.  The recording 
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o f  t h e  s i g n a l  was accomplished with an e l e c t r o n i c  s t r i p  c h a r t  recording 

device f o r  measuring and recording small cu r ren t  (EPPV-60 MZ) . Measurements 

of  t h e  o p t i c a l  d e n s i t y  were performed a t  a wavelength of 480 nm. The o p t i c a l  /66 
d e n s i t y  of  t h e  corresponding c u l t u r e  o f  c e l l s  i n  t h e  n u t r i e n t  medium a t  t h e  

beginning o f  t h e  experiment was used as t h e  s t a r t i n g  po in t  f o r  t h e  measure- 

ments. 

R e s u l t s o f  _ _  t h e  S t u d i e s  

I n  determining t h e  l y t i c  a c t i o n  o f  var ious concentrat ions of celluzyme 

and p repa ra t ions  of  c e l l u l o l y t i c  enzymes from t h e  Aspe rg i l l u s  fungi  , it  was 

found t h a t  t hese  p r e p a r a t i o n s  have a s l i g h t  i n h i b i t i n g  e f f e c t  on t h e  m u l t i p l i -  

c a t i o n  o f  c e l l s  o f  E. coZi (Figure 5 ,  a-d) a t  both 40' and 28', r ega rd le s s  

o f  t h e  time of  a c t i o n  and have a s l i g h t l y  g r e a t e r  i n h i b i t i n g  e f f e c t  on t h e  

m u l t i p l i c a t i o n  of c e l l s  o f  B.  megaterim (Figure 5 e - h ) .  The maximum l y t i c  

e f f e c t  of c e l l s  on E .  c o l i  and B .  megaterim was shown by Japanese lysozyme 

with add i t ion  of  p e n i c i l l i n .  I t  should be po in ted  out  t h a t  i n  the  range of 

' 

concentrat ions from 0.1% lysozyme t o  0 . 0 1 % ,  t h e  l y t i c  e f f e c t  i n c r e a s e s  wi th  /67 
a decrease i n  t h e  concentrat ion o f  p r e p a r a t i o n .  Concentrations of  lysozyme 

equal t o  0.0025, 0 .005  and 0.01% have about t h e  same l y t i c  e f f e c t  on t h e  

c e l l s  (Figure 6 ,  a - f ) .  From t h e  d a t a  given above, i t  i s  c l e a r  t h a t  t h e  most 

s u i t a b l e  p repa ra t ion  f o r  breaking down t h e  b a c t e r i a  must be considered t o  be 

Japanese lysozyme. Therefore ,  f o r  our  f u r t h e r  work i n  determining the  por- 

phyrin-containing p r o t e i n s ,  we used Japanese lysozyme i n  a concentrat ion of 

0.01%. The dependence of t h e  s i g n a l  amplitude f o r  t h e  porphyrin-containing 

p r o t e i n s  on t h e  c e l l  concentrat ion (breakdown with t h e  a i d  of  Japanese lyso-  

zyme, 0.01%, 2 hours a t  37') i s  shown below. I n i t i a l l y  we determined t h e  

l i m i t i n g  s e n s i t i v i t y  of  t h e  apparatus f o r  chemiluminescence equal t o  

105-106 c e l l s  p e r  m l .  
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Figure 5 .  Photometric Determination o f  Ly t i c  E f f e c t  
of Celluzyme and P repa ra t ions  of C e l l u l o l y t i c  Enzymes 
Obtained from Cul tu re s  of  Aspergillus terreus and A.  
fwnigatus on cells of  E. col i  (a-d) and B. megaterim 
(e-h) ; Incubat ion temperature equals  40'. 
absorpt ion was measured a t  a wavelength of  480 nm. 

a,  e: 1, Control ;  2 ,  P e n i c i l l i n ;  b ,  f :  1, f i l t r a t e  
from A.  terreus; 2 ,  f i l t r a t e  + p e n i c i l l i n ;  c, g :  1, 
celluzyme; 2 ,  celluzyme + p e n i c i l l i n ;  d ,  h :  1, f i l -  
t r a t e  from A .  fwnigatus, 2 ,  p e n i c i l l i n .  

Re la t ive  
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Figure 6 .  
of Lysozyme on Cells of  E. coZi ( a -c ) ,  and B .  mega- 

1, Lysozyme i n  a concen t r a t ion  of 0.01%; 2 ,  lysozyme 
(0.01%) + p e n i c i l l i n ;  3,  lysozyme (0.005%; 4 ,  lyso- 
zyme (0.005%) + p e n i c i l l i n ;  5 ,  lysozyme (0.0025%); 
6 ,  lysozyme (0.0025%) + p e n i c i l l i n .  

Photometric Determination of  t h e  Ef fec t  

teriwn (d - f ) .  

No. of Cells Amplitude of No. of  c e l l s  Amplitude of  
p e r  m l  of  n u t r i e n t  s i g n a l ,  r e l a t i v e  p e r  m l  of  n u t r i e n t  s i g n a l ,  r e l a t i v e  

medium u n i t s  medium Units 

E. c o l i  
1 .5.108 28 

3 ~ 1 0 ~  20 
6-106 1 2  

1.2.106 2 

Bae. megaterim 
4.107 23 
8 -  io6 18 

1.6.  l o 6  1 2  
3 -  l o 5  2 

I t  should be po in ted  out t h a t  t h e  magnitude of  t h e  s i g n a l  f o r  porphyrin- 

containing p r o t e i n s  i s  o f  t h e  same o rde r  both f o r  c e l l s  t r e a t e d  with Japanese 

lysozyme and those  wi th  a d d i t i o n  of  t h e  l a t t e r .  

presented below. 

The d a t a  f o r  E. col i  are 
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Prepa ra t ion  

Suspension of  E. coZi c e l l s  (1 ,5*lO8 cells p e r  m l ,  

Japanese lysozyme, 0.01% 
Japanese lysozyme , 0.01% + p e n i c i l l i n ,  

P e n i c i l l i n ,  1,000 uni ts /ml  
Control (without d e s t r u c t i o n )  

Suspension o f  E. coz i  cel ls  (1.5-108 c e l l s  p e r  m l ,  
prepared i n  phys io log ica l  s o l u t i o n )  

Japanese lysozyme , 0.01% 
Japanese lysozyme, 0.01% + p e n i c i l l i n ,  

P e n i c i l l i n ,  1,000 uni ts /ml  
Control (without d e s t r u c t i o n )  

prepared i n  d i s t i l l e d  water) 

1,000 uni ts /ml  

1,000 uni ts /ml  

2 hours 

38 

34 
31 
28 

27 

26 
27 
27 

3 hours 

41 

36 
32 
29 

30 

30 
28 
29 

The i n t e n s i t y  of t h e  chemiluminescent s i g n a l  from t h e  c e l l s  t r e a t e d  with 

ul t rasound f o r  f i v e  minutes d i f f e r s  by 3-4 r e l a t i v e  u n i t s  from t h e  s i g n a l  of 

t h e  i n t a c t  c e l l s ,  

We then performed experiments involving d e t e c t i o n  of  porphyrin-containing 

p r o t e i n s  i n  microorganisms i n  s o i l  t h a t  was poor i n  organic  substances.  F o r  /68 
t h i s  purpose,  we used t h e  sandy s o i l  from t h e  Karakum Desert (Repeteka rayon) .  

The d a t a  of Sagan and Pol lack (1966) i n d i c a t e  t h a t  o n . t h e  s u r f a c e  o f  Mars 

t h e r e  i s  a predominance of  s i l i c a t e s  with a high content  of oxidized i r o n  

( l i m o n i t e ) ;  t h i s  is a l s o  c h a r a c t e r i s t i c  of  t h i s  s o i l .  Comparative d a t a  f o r  

B .  megater im a r e  presented below; i n  both t h e  f irst  and second cases ,  t he  

numbers correspond t o  t h e  magnitude o f  t h e  s i g n a l  amplitude i n  r e l a t i v e  u n i t s  

f o r  porphyrin-containing p r o t e i n s .  

Prep a r  a t i  on 2 hours 3 hours 

Suspension o f  c e l l s  of B .  megater im (4.107 c e l l s  p e r  m l ,  prepared with 
d i s t i l l e d  water) 

Japanese lysozyme , 0.01% 13  20 
Japanese lysozyme, 0.01% + p e n i c i l l i n ,  1,000 uni ts /ml  24  28 
P e n i c i l l i n ,  1,000 uni ts /ml  24 24 
Control (without d e s t r u c t i o n )  9 23 

Suspension o f  c e l l s  of B .  megater im ( 4 0 1 0 ~  c e l l s  p e r  m l ,  prepared with 

Japanese lysozyme, 0.01% 14  23 
phys i ologi  c a l  s o l u t i o n )  
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Preparat ion 2 hours 3 hours 

Japanese lysozyme , 0.01% + p e n i c i l l i n ,  1,000 uni ts /ml  26 2 3  
P e n i c i l l i n ,  1,000 uni ts /ml  28 28 
Con t r o  1 (without des t r u c t  i on) 11 20 

200 mg o f  s o i l  were added t o  100 m l  of t h e  above-described medium. The 

c u l t u r e  temperature was 37". 

of l iminol  by peroxide,  it w a s  necessary t o  c l a r i f y  t h e  e f f e c t  of l imonite  

(Fe203*nH 0) on t h e  i n t e n s i t y  and k i n e t i c s  of  t h e  chemiluminescence s i g n a l .  

For t h i s  purpose, 100 mg of  s t e r i l e  l imonite  was added t o  100 mg of  sandy s o i l .  

A s  a c o n t r o l ,  w e  used a f l a s k  with s t e r i l e  d e s e r t  soil (200 mg pe r  100 m l  of 

medium) and s t e r i l e  l imon i t e  (200 mg p e r  100 m l  of medium). A f t e r  4 ,  7,  10,  

13, 2 2  and 48 hours o f  i ncuba t ion ,  samples o f  c u l t u r e  f l u i d  were s e l e c t e d  and 

examined by a biochemiluminescent method with prel iminary t reatment  f o r  two 

hours with a s o l u t i o n  of (0.01%) of  Japanese and Hungarian lysozyme. In  some 

o f  t h e  experiments,  t h e  c e l l s  were destroyed i n  f i v e  minutes by u l t r a sound .  

The experiments showed t h a t  a f t e r  only 13  hours following i n o c u l a t i o n  i t  was 

p o s s i b l e  t o  ob ta in  a r e l i a b l e  s i g n a l  i n d i c a t i n g  t h e  presence o f  porphyrin- 

containing p r o t e i n s  belonging t o  t h e  mic ro f lo ra  of  t he  d e s e r t  s o i l .  

method of  destroying the  c e l l s  was not  r e f l e c t e d  i n  t h e  r e s u l t s  (Figures 7 and 

8 ) .  I t  i s  c l e a r  from t h e  f i g u r e s  t h a t  t h e  background from t h e  s t e r i l e  sand 

and s t e r i l e  l imon i t e  was i n s i g n i f i c a n t  - -  2-4 r e l a t i v e  u n i t s  (curves 5 -8 ) .  

Since i r o n  ions  c a t a l y z e  t h e  ox ida t ion  r e a c t i o n  

2 

The 

I t  should be pointed out  t h a t  t h e  k i n e t i c s  of t h e  luminol-hydrogen perox- - /69 

i d e  r e a c t i o n  with l imonite  i s  s i m i l a r  t o  t h e  r e a c t i o n  f o r  which i o n i c  i r o n  i s  

the  c a t a l y s t  (Figure 9 ,  6 ) .  The k i n e t i c s  of  t h e  luminol-hydrogen peroxide 

r e a c t i o n  with s o i l  microorganisms (Figure 9) i s  i d e n t i c a l  t o  t h e  k i n e t i c s  with 

pure c u l t u r e s  of  b a c t e r i a  and with chemically pure p repa ra t ions  of porphyrin- 

containing p r o t e i n s .  While t h e  s i g n a l  amplitude from t h e  i n t a c t  and destroyed 

/ 70 (by ul t rasound)  c e l l s  i s  t h e  same, the  decrease i n  t h e  i n t e n s i t y  o f  t h e  - 
luminescence i s  completely d i f f e r e n t  (Figures  9 ,  3, 4 ) .  The t o t a l  l i g h t  f l u x  

during t h e  p e r i o d  of  time which e l a p s e s  from the  maximum of t h e  luminescence 

t o  i t s  minimum f o r  c e l l s  destroyed by u l t r a sound  i s  almost twice as g r e a t  as 

f o r  i n t a c t  ones.  
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Figure 7. Dynamics of t h e  Change i n  t h e  Biochemi- 
luminescent s i g n a l  Following Seeding of Nu t r i en t  
Medium with Desert  S o i l  (Karakum, Repetek).  

1, Without d e s t r u c t i o n ;  2 , d e s t r u c t i o n  by u l t r a -  
sound, 5 minutes; 3,  without d e s t r u c t i o n  (dese r t  
s o i l  + l imon i t e ) ;  4 ,  d e s t r u c t i o n  by u l t r a sound ,  
5 minutes ( d e s e r t  s o i l  + l i m o n i t e ) ;  5 ,  l imon i t e ,  
s t e r i l e ;  6 ,  s t e r i l e  d e s e r t  s o i l .  

Figure 8. Dynamics of t h e  Change i n  Bioluminescent 
S igna l  Following Seeding o f  Nu t r i en t  Medium With 

Desert  S o i l  (Karakum, Repetek) . 
1, Destruct ion by Japanese lysozyme -- 0.01% ( d e s e r t  
s o i l ) ;  2 ,  d e s t r u c t i o n  by Japanese lysozyme -- 0.01% 
( d e s e r t  s o i l  + l imon i t e ) ;  3 ,  d e s t r u c t i o n  by Hungarian 
lysozyme -- 0.01% ( d e s e r t  s o i l ) ;  4 ,  d e s t r u c t i o n  by 
Hungarian lysozyme -- 0.01% ( d e s e r t  s o i l  + l imon i t e ) ;  
5, s t e r i l e  d e s e r t  s o i l ,  d e s t r u c t i o n  by Japanese 
lysozyme; 6 ,  s t e r i l e  l imonite  , d e s t r u c t i o n  by Japanese 
lysozyme; 7 ,  s t e r i l e  d e s e r t  s o i l ,  d e s t r u c t i o n  by 
Hungarian lysozyme; 8, s t e r i l e  l imon i t e ,  d e s t r u c t i o n  

by Hungarian lysozyme. 

80 



Figure 9. Kinet ics  of  Luminol-Hydrogen Peroxide Reaction As 
A Function o f  Methods of  Processing Microflora  from Desert 

S o i l .  

1, Without d e s t r u c t i o n ,  incubat ion time 13 hours a t  37O; 
2, d e s t r u c t i o n  by Hungarian lysozyme, incubat ion time 
13 hours a t  37'; 3 ,  without d e s t r u c t i o n ,  i ncuba t ion  t i m e  
22 hours a t  37'; 4 ,  d e s t r u c t i o n  by u l t r a sound  i n  5 minutes,  
i ncuba t ion  t i m e  2 2  hours;  5 ,  s i g n a l  from Hungarian lysozyme; 
6 ,  S igna l  from s t e r i l e  l imon i t e ,  Fe 0 -nH20. 2 3  

Conclusions 

1. We s t u d i e d  t h e  p o s s i b i l i t y  o f  u s ing  biochemiluminescent r e a c t i o n  o f  

luminol-hydrogen peroxide t o  determine t h e  porphyrin-containing p r o t e i n s  i n  

microorganisms. 

2 .  I t  was shown t h a t  t h e  k i n e t i c s  of  t h e  r e a c t i o n  involving porphyrin- 

containing p r o t e i n s  d i f f e r s  both i n  terms o f  t h e  amplitude of  t h e  s i g n a l  and 

i n  t h e  du ra t ion  of t h e  dec1ir.e i n  luminescence from t h e  k i n e t i c s  o f  t h e  

r e a c t i o n  with c a t a l y s t s  of  nonhemin o r i g i n .  

3 .  Prel iminary d e s t r u c t i o n  of t h e  c e l l  walls by ly s ing  p repa ra t ions  i s  

not  a necessary cond i t ion .  

4. The presence of  i ron-porphyrin p r o t e i n s  i n  t h e  b a c t e r i a  may be 

e s t a b l i s h e d  i n  t h e  c u l t u r e  f l u i d  a f te r  13 hours fol lowing seeding of  t h e  

d e s e r t  s o i l .  
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EVALUATION OF LABELLED CARBON D I O X I D E  AS ONE METHOD OF DETECTING 
EXTRATERRESTRIAL L I F E  

R .  I .  Fedorova and L .  M .  Mukhin 

ABSTRACT: A method i s  desc r ibed  based on t h e  s tudy  of  t h e  dy- 
namics of  s e p a r a t i o n  o f  l abe led  carbon dioxide from a s u b s t r a t e  
when va r ious  types  o f  s o i l  are c u l t u r e d  on media con ta in ing  radio-  
a c t i v e  glucose as t h e  source o f  carbon. The proposed method makes 
it p o s s i b l e  t o  determine t h e  a c t i v i t y  d i r e c t l y  i n  a r e a c t i o n  c e l l  
and record t h e  r e s u l t s  on an e l e c t r o n i c  s t r i p  c h a r t  potent iometer .  
I t  i s  s u i t a b l e  f o r  i n s t a n c e s  when l abe led  substances i n  t h e  sub- 
s t r a t e  may change t o  t h e  gas phase and ,vice v e r s a  i n  t h e  course of  
v i t a l  a c t i v i t y  o f  organisms. A diagram is  provided of  t h e  c e l l s  
and t h e  apparatus  which makes it p o s s i b l e  t o  perform recordings on 
s e v e r a l  channe 1s s imul t aneous 1 y . 

Labelled atoms are widely employed i n  biology f o r  s tudy ing  processes  o f  

v i t a l  a c t i v i t y  i n  organisms. Modern apparatus  makes i t  p o s s i b l e  t o  determine 

with a high l e v e l  of  accuracy t h e  q u a n t i t y  of  r a d i o a c t i v e  substance which 

p a r t i c i p a t e s  i n  metabol ic  r e a c t i o n s .  I t  should be mentioned, however t h a t  

t he  s tudy o f  t h e  dynamics of any process  using t h e  l a b e l l e d  atom method i s  

very laborious and r e q u i r e s  a g r e a t  many ope ra t ions  involving t h e  s e l e c t i o n  of 

samples and the  measuring of  t h e  a c t i v i t y .  

I n  t h i s  connection, we a r e  desc r ib ing  i n  t h i s  paper  a method f o r  cont inu-  

ous reading and a design f o r  a system which w i l l  make it  p o s s i b l e  t o  perform 

measurements i n  s e v e r a l  r e a c t i o n  v e s s e l s  with recording of t h e  r e s u l t s  on an 

e l e c t r o n i c  automatic recording potent iometer .  

The proposed method i s  s u i t a b l e  f o r  cases when t h e  l a b e l l e d  substances of  

a s u b s t r a t e  may change t o  t h e  gaseous phase i n  t h e  process  of t h e  v i t a l  

a c t i v i t y  of t h e  organisms and v i c e  v e r s a  (s tudy o f  fermentat ion p rocesses ,  

photosynthesis  r e s p i r a t i o n  e t c . ) .  We have used it t o  s tudy t h e  dynamics o f  

t h e  exc re t ion  o f  carbon d iox ide  from t h e  s u b s t r a t e  during seeding with var ious 

types of s o i l  on media con ta in ing  r a d i o a c t i v e  glucose as t h e  carbon dioxide 

source.  This problem a rose  i n  conjunction with t h e  dev i s ing  o f  methods o f  

d e t e c t i n g  signs o f  l i f e  on Mars. This p rope r ty  was f i rs t  suggested by 
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Levin e t  a l . ,  (1964) f o r  d e t e c t i n g  e x t r a t e r r e s t r i a l  l i f e  by means of  t h e  

I1Gul l i v e r "  apparatus .  

A schematic  diagram o f  t h e  - /72 

c e l l  f o r  performing t h e  expe r i -  

ments i s  shown i n  Figure 1. 
~ - .  . LF . - r . 4  .___ - _._. - ~ 

r- -4 p-'4 c o n t r o l l e d  p o r t i o n  of t h e  c e l l  (1) 

-:. .- . 
L A -  , ,", The lower t h e r m o s t a t i c a l l y  
I--- -- . -. . . ;,,+ 

i s  intended f o r  t h e  c u l t u r i n g  o f  

microorganisms. A given tempera- 

t u r e  i s  maintained i n  t h e  c e l l  by 

'i/ - , (? .., 
Figure 1. Schematic Apparatus For The 

For the explanation, see t h e  t e x t .  
Cel l .  means of an u l t r a t h e r m o s t a t  ( 5 ) .  

For absorbing r a d i o a c t i v e  carbon 

dioxide from t h e  gas phase,  a 

g l a s s  cup-target  (3)  with a s l i t  i s  located immediately beneath t h e  Geiger 

counter ( 4 ) .  The counter  i s  p ro tec t ed  a g a i n s t  t h e  r a d i a t i o n  from t h e  l a b e l l e d  

s u b s t r a t e  by two g l a s s  d i s k s  (2 )  which ove r l ap  one another by v i r t u e  o f  t h e i r  

p a r a l l e l  mounting and a r e  loca t ed  at  d i f f e r e n t  h e i g h t s .  

i s  p o s s i b l e  t o  use i s o t o p e s  t h a t  do not  have t o o  s t r o n g  a r a d i a t i o n  spectrum 

( s o f t  gamma- and b e t a - r a d i a t i o n ) ,  s i n c e  t h e  p r o t e c t i v e  g l a s s  d i s k s  have a 

th i ckness  o f  about 2 mm. To ensure uniform p e n e t r a t i o n  o f  t h e  carbon dioxide 

which i s  formed from t h e  e n t i r e  c u l t u r e  medium i n t o  t h e  gas  phase,  t h e  medium 

i s  continuously a g i t a t e d .  For t h i s  purpose,  t h e  ce l l  i s  mounted on a magnetic 

stirrer. There are two openings i n  the  c e l l  t o  add media and inocu la t e  and t o  

fill  t h e  chamber with a gas of t h e  r e q u i r e d  composition. During t h e  expe r i -  

ment, both openings a r e  s e a l e d  he rme t i ca l ly .  A g a s - t i g h t  connection between 

t h e  ce l l  and t h e  Geiger counter i s  provided by a rubber gasket  and a removable 

cover. 

I n  t h i s  system, i t  

A block diagram o f  t h e  arrangement i s  shown i n  Figure 2 .  High vo l t age  

from a high-vol tage block i n  t h e  "Volna" apparatus  (1) i s  supp l i ed  s imultan-  

eously t o  s i x  type  SBT counters (2)  connected t o  t h e  r e a c t i o n  c e l l .  The i m -  /73 
pu l ses  from t h e  counters pas s  t o  the  inpu t  of  t h e  s ix-channel  switching 
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device (3) which can pass  t h e  impulses t o  any channe1.l 

switched manually, b u t  a connection t o  t h e  commutator of a programed device i s  
provided i n  t h e  c i r c u i t .  From t h e  output  of  t h e  commutator, t he  impulses 

pass  t o  a PS-10,000 counting c i r c u i t  (4) and t o  a counting ra te  meter 
(ISS-3) ( S ) ,  whose output  i s  connected t o  an e l e c t r o n i c  potent iometer  ( type 

EPP-09) (6) .  Since t h e  t i m e  (T) f o r  counting on t h e  s i x  channels i s  much 

s h o r t e r  t han  t h e  t i m e  T i n  which a s i g n i f i c a n t  change i n  t h e  a c t i v i t y  t akes  

p l ace  (T << T) , t h e r e  i s  no "loss" of  information i n  t h e  experiment. I n  t h i s  

c i r c u i t  , t h e  number of channels was s e l e c t e d  a r b i t r a r i l y ,  and t h i s  parameter 

o f  t he  dev ice  i s  no t  c r i t i c a l .  The moment t h a t  t h e  channels are switched,  

a mark i s  l e f t  on t h e  s t r i p - c h a r t  r eco rde r  t a p e .  

which exceeds t h e  background and i t s  i n c r e a s e  with t i m e  correspond t o  t h e  

appearance of r a d i o a c t i v e  carbon dioxide i n  t h e  c e l l  and i t s  accumulation. 

The channels are 

The appearance o f  a s i g n a l  

- - -  . -  In  our  work, we used 

1 - -  -_ . ' medium with the  fol lowing 

s i t i o n  ( i n  g / l )  : glucose,  

NH4N03 - -  0 .5 ;  asparagine 

k-- .' 

I _  

I - r - -  . - -- - A _. I ._ - 
.. -~. - . . - -- ____ -. -- 

. , . + r ?  + .- - -- 
KH2P04 - -  0.91; K2HP04 - -  . .  . - -  - 

L L .  . .  '. :> .5 

a n u t r i e n t  

compo- 

1-6-C14; 

- -  0 . 1 ;  

2.61; 

Figure 2 .  Block Diagram of  t h e  
Apparatus. Explanation i n  t h e  _ _  

t e x t  , 

MgS04*7H20 -- 0 .3 ;  CaCl - -  0.1;  

N a C l  - -  0 . 1 ;  y e a s t  a u t o l y s a t e  - -  

5 m l ;  l i v e r  e x t r a c t  - -  0 . 1  m l ;  

2 

mixture o f  microelements according 

t o  Fedorov and Muromets -- 1 m l ;  d i s t i l l e d  water  - -  1 l i t e r .  Temperature 

of c u l t i v a t i o n  -- 3 7 " .  

To c r e a t e  anaerobic  cond i t ions ,  n i t r o g e n  was blown through t h e  c e l l  b e f o r e  

t h e  s t a r t  of t h e  experiment. A s  a c o n t r o l ,  we used a c e l l  with t h e  same 

amount of  medium and i n o c u l a t e ,  but with a d d i t i o n  of  i n h i b i t o r s  t h a t  suppress 

t h e  v i t a l  a c t i v i t y  of microorganisms. 

We s t u d i e d  t h e  fol lowing samples o f  s o i l :  1)  krasnozem; 2) d e s e r t  s o i l  

(Karakum , Darvaza) ; 3 )  t undra  s o i l  (matrix-diabase) . 

The commutator was designed a t  t h e  A .  Ye. Voronkov Physics I n s t i t u t e  o f  t h e  
Academy o f  Sciences of  t h e  USSR. 
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I 1111 Ill 
... 

As i nd ica t ed  by experiments with krasnozem, t h e  concent ra t ion  of l a b e l l e d  

glucose i n  the  s u b s t r a t e  has no e f f e c t  wi th in  known l i m i t s  on t h e  na tu re  of 

t h e  curve showing l i b e r a t i o n  of carbon dioxide wi th  t i m e  (Figure 3 ) .  I n  t h e  

case of inocu la t ion  of  t h e  c u l t u r e  medium wi th  1 gram o f  s o i l ,  a s i g n i f i c a n t  

i nc rease  i n  t h e  count was observed approximately 3-3 .5  hours  fol lowing t h e  

s t a r t  of t h e  experiment,  r ega rd le s s  of  what q u a n t i t i e s  (20,  40 o r  80 micro- 

cu r i e s )  of  l a b e l l e d  glucose were contained i n  t h e  o r i g i n a l  medium. The i n -  

c r ease  i n  t h e  concent ra t ion  o f  l a b e l l e d  glucose i n  t h e  medium t o  200 micro- 

c u r i e s ,  corresponding t o  0.5% content  of sugar  i n  t h e  medium, increased  t h e  

count l e v e l ,  bu t  s t i l l  d i d  no t  change t h e  na tu re  of t h e  curve f o r  t h e  i n c r e a s e  

i n  C 1 4 0 2  (Figure 4 ) .  

Figure 5 shows t h e  curve r ep resen t ing  t h e  i n c r e a s e  i n  the  count i n  i m -  

pu l se s  p e r  100 seconds fol lowing seeding with d e s e r t  s o i l  from Darvaza. The 

curves f o r  t h e  i n c r e a s e  i n  C I 4 O  i n  experiments wi th  s o i l  from t h e  tundra  a re  - / 75 2 
completely d i f f e r e n t .  

with 1 gram (Figure 6) and wi th  in t roduc t ion  of 50 mg o f  s o i l  t o  t he  c e l l  

(Figure 7 ) ,  t h e  device recorded t h e  appearance o f  l a b e l l e d  carbon dioxide 

immediately fol lowing t h e  s t a r t  of t h e  experiment.  

Both i n  the  case of i nocu la t ion  wi th  n u t r i e n t  medium 

Impulses/100 s e c  

,? i / 

Impulses/100 s e c  

i 

. h r s  . - .  . .  
1 . h r s  

Figure 3 .  Libera t ion  of  Label led Figure 4.  L ibe ra t ion  of Labelled 
Carbon Dioxide Following Inocu- 
l a t i o n  with 1 gram of  Krasnozem 1 gram of Krasnozem on a Medium 
on a Medium with a D i f f e ren t  With Radioact ive Glucose, 
Or ig ina l  Content of  Radioact ive 

1, 20 microcuries;  2 ,  40 micro- 
c u r i e s ;  3 ,  80 microcur ies .  

Carbon Dioxide With Seeding of  

(200 mic rocur i e s ) .  
Glucose. 

/ 74 - 
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F igure 5. L ibe ra t ion  o f  
Labelled Carbon Dioxide With 
Seeding of  Deser t  S o i l  on a 
Medium with Radioact ive 
Glucose (40 mic rocur i e s ) .  

Figure 7 .  L ibe ra t ion  of  Labelled 
Carbon Dioxide With Seeding o f  
15 mg of S o i l  from t h e  Tundra 
on a Medium With Radioact ive 
Glucose (40 mic rocur i e s ) .  

beginning of  l i b e r a t i o n  of a c t i v e  

Figure 6 .  L ibera t ion  o f  Label led Carbon 
Dioxide With Seeding of  1 gram of  S o i l  
from t h e  Tundra on a Medium Containing 
Radioactive Glucose (20 microcuries)  . 

P a r a l l e l  determinat ion of t h e  

q u a n t i t y  of microorganisms i n  t h e  

medium with t h e  above mentioned 

composition by means of t h e  d i l u t i o n  

method revea led  t h a t  1 gram of  

d e s e r t  s o i l  contained 6 -103  microbes,  

while  1 gram of  s o i l  from t h e  tundra  

contained a q u a n t i t y  t h r e e  orders  o f  

magnitude l a r g e r  -- 6.106. 

I t  i s  obvious t h a t  when a 

s i g n a l  appears i n d i c a t i n g  the  

carbon dioxide from the  l abe l l ed  s u b s t r a t e ,  

t h e  na tu re  of t h e  curve r ep resen t ing  t h e  growth and a c t i v i t y  i s  a f f e c t e d  not  

only by t h e  q u a n t i t y  o f  s o i l  c o l l e c t e d  f o r  a n a l y s i s  bu t  a l s o  by the  q u a l i t a t i v e  

composition of  t h e  mic ro f lo ra  ( t h e  r a t i o  of t h e  amounts of ae rob ic  and anaerobic  

organisms, predominance o f  vege ta t ive  o r  spore  forms, e t c . )  , 

Hence, t h e  method o f  i n d i c a t i o n  o f  l i f e ,  based on t h e  use of  n u t r i e n t  

media conta in ing  l a b e l l e d  compounds, provides  clear and r e l i a b l e  results.  I t  

i s  a l s o  va luable  because when a s u f f i c i e n t  q u a n t i t y  o f  seeding ma te r i a l  i s  
introduced t h e  presence o f  v i a b l e  microorganisms can be determined 1-3 hours  
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fol lowing seeding.  

t h e  impulses with time can provide some i d e a  regarding t h e  composition of t h e  

mic ro f lo ra  i n  t h e  sample under s t u d y .  

Moreover, t h e  na tu re  of  t h e  change i n  t h e  frequency of  

Conclusions 

1. Seeding o f  s o i l  i n  a n u t r i e n t  medium with l a b e l l e d  glucose leads t o  

t h e  consumption of t h e  glucose and t h e  l i b e r a t i o n  of l a b e l l e d  carbon d iox ide .  

2 .  Following seeding of  t h e  s o i l  from t h e  d e s e r t ,  l i b e r a t i o n  o f  l a b e l l e d  

carbon d iox ide  t akes  p l a c e  less i n t e n s i v e l y  than when s o i l  from t h e  tundra i s  

used f o r  seeding.  

3. A s  t h e  q u a n t i t y  of  l a b e l l e d  glucose added t o  t h e  n u t r i e n t  medium i s  

inc reased ,  t h e  l e v e l  of a c t i v i t y  inc reases  as  w e l l .  

4 .  The determinat ion of  t he  amount of l a b e l l e d  carbon dioxide may be 

used both f o r  high speed methods of d e t e c t i n g  e x t r a t e r r e s t r i a l  l i f e  (2-3 

hours) as we l l  as f o r  longer  (5-6 hours) per iods of  m u l t i p l i c a t i o n  of  micro- 

organisms contained i n  t h e  s o i l  under s tudy .  
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DEVICE FOR DETECTING EXTRATERRESTRIAL LIFE 

G.  A .  Kazakov 

ABSTRACT: 
f o r  d e t e c t i n g  e x t r a t e r r e s t r i a l  l i f e ,  t h e  b a s i s  o f  whose 
operat ion i s  t h r e e  of t h e  most c h a r a c t e r i s t i c  methods of 
measuring the dynamics of m u l t i p l i c a t i o n  of microorganisms -- 
t h e  photometric method, the r ad iomet r i c  method and t h e  
bioluminescent method, based on measurement of a chemo- 
luminescent r e a c t i o n .  The paper  l ists  t h e  ope ra t ions  which 
t h e  apparatus  performs. The sequence of t h e  s t a g e s  i n  t h e  
ope ra t ion  of t he  apparatus i s  discussed and t h e  design of  
s e v e r a l  elements o f  t h e  apparatus i s  given.  

A s t r u c t u r a l  diagram i s  provided f o r  an apparatus  

Automatic b i o l o g i c a l  s t a t i o n s  which a r e  s e n t  t o  o t h e r  p l a n e t s  must be low 

i n  weight,  r e l i a b l e  and s e n s i t i v e .  I n  o rde r  t o  o b t a i n  t h e  most r e l i a b l e  d a t a  

on the  ex i s t ence  of e x t r a t e r r e s t r i a l  l i f e ,  t h e  device must have s e v e r a l  

channels and employ s e v e r a l  methods of  measuring t h e  dynamics o f  m u l t i p l i -  

c a t i o n  of microorganisms. 

Many devices have been designed f o r  use i n  t h e  sea rch  f o r  e x t r a t e r r e s t r i a l  

l i f e  ( the  "Gulliver" m u l t i v a t o r ,  t h e  Wolf t r a p ,  "Diogenes", t h e  NASA b io -  

l a b o r a t o r y ) ,  based on var ious phys ica l  and physico-chemical methods employed 

i n  t h e  b i o l o g i c a l  and biochemical s t u d i e s  of  microbiological  c u l t u r e s ,  

p r o t e i n  s t r u c t u r e s ,  enzymes, e t c .  (Levin, A l l en ,  1965; Buckendahl e t  a l . ,  

1965; Neuman, 1965a, b ) .  

On t h e  b a s i s  o f  t h e o r e t i c a l  assumptions and experimental  s t u d i e s  pe r -  

formed a t  t h e  I n s t i t u t e  of Microbiology of  t he  Academy o f  Sciences of t h e  

USSR (Imshenetskiy e t  a l . ,  1967), a s t r u c t u r a l  design was worked ou t  f o r  a 
device f o r  d e t e c t i n g  e x t r a t e r r e s t r i a l  l i f e .  A block diagram of t h e  apparatus  

i s  shown on page 91. 

Three of t h e  most c h a r a c t e r i s t i c  methods of  measurement are employed as 

t h e  ope ra t ing  b a s i s  of  t h e  device.  
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I. The photometr ic  method, based on t h e  measurement of  v a r i a t i o n s  i n  

t h e  o p t i c a l  dens i ty  of a medium, produced by t h e  accumulation o f  c e l l u l a r  

biomass and products  of  v i t a l  a c t i v i t y  of microorganisms i n  t h e  process of  

con tac t  between a s o i l  sample and a n u t r i e n t  medium under t h e r m o s t a t i c a l l y  

c o n t r o l l e d  condi t ions during a s p e c i f i c  time i n t e r v a l .  

11. The r ad iomet r i c  method, based on measurement i n  t h e  gas phase of 

r a d i o a c t i v e  carbon dioxide C 1 4 0 2 ,  formed as the  r e s u l t  o f  t h e  breakdown of  

C14-labelled glucose i n  t h e  n u t r i e n t  medium i n  t h e  course of t h e  v i t a l  a c t i v -  

i t y  o f  microorganisms. 

111. The bioluminescent method, based on a measurement of  t h e  chemo- 

luminescent r e a c t i o n  i n  a l k a l i n e  s o l u t i o n s  of luminol i n  t h e  presence o f  

hydrogen peroxide under t h e  ca t a lyz ing  ac t ion  o f  enzymes from microorganisms 

containing ferroporphyrin compounds. 

Since the f i r s t  s t a g e  o f  t h e  i n v e s t i g a t i o n  of  a p l a n e t  by means of  auto- 

mat ic  landing devices w i l l  b eg in  with a complex s tudy  o f  phys i ca l  condi t ions 

e x i s t i n g  on t h e  p l a n e t ,  it i s  n a t u r a l  t h a t  a t  t h i s  s t a g e  t h e  device f o r  

de t ec t ing  s i g n s  of  l i f e  on t h e  p l a n e t  must be i n s t a l l e d  as t h e  component of  t h e  

automatic s t a t i o n  and must ca r ry  ou t  pu re ly  a n a l y t i c a l  func t ions .  
- /78 

The design o f  t h e  apparatus  allows the  fol lowing p r i n c i p a l  operat ions t o  

be  c a r r i e d  o u t .  

1. S t e r i l e  c o l l e c t i o n  of  s o i l  from t h e  s u r f a c e  o f  t h e  p l a n e t  a t  a 

d i s t ance  o f  s e v e r a l  meters from t h e  automatic s t a t i o n .  

2 .  S t e r i l e  mixing o f  measured doses of s o i l  with n u t r i e n t  media prepared 

on Earth and subsequent s t o r a g e  of  t h e s e  mixtures f o r  a c e r t a i n  t ime i n t e r v a l  

e s t a b l i s h e d  by t h e  programmed dev ices .  

3 .  Per iod ic  measurement of  t h e  dynamics of  m u l t i p l i c a t i o n  o f  micro- 

organisms. 

A l l  of t h e  ope ra t ions  descr ibed above can be c a r r i e d  ou t  e i t h e r  by a 

p rev ious ly  set  r i g i d  program f o r  a programmed device mounted i n  t h e  apparatus 

i t s e l f  o r  according t o  a program set  by t h e  automatic s t a t i o n .  
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In  a d d i t i o n ,  t h e  automatic s t a t i o n  must provide the  fol lowing cond i t ions  

f o r  normal ope ra t ion  of t h e  device: 

apparatus r e l a t i v e  t o  the  s u r f a c e  of  t he  p l a n e t ;  2) monitoring and maintenance 

o f  t h e  temperature and p r e s s u r e  i n  t h e  device a t  a s p e c i f i c  l e v e l ;  3) supply- 
i n g  t h e  device with e l e c t r i c  power (+ 27 v o l t s  d . c . )  i n  r equ i r ed  amounts; 

4) c o l l e c t i o n  o f  information from t h e  outputs  of  t h e  measurement channels of  

t h e  device a t  a s p e c i f i c  t i m e ,  conversion and t ransmission of  information t o  

te lemetry channels o r  t o  a memory block f o r  subsequent t ransmission t o  Ea r th ;  

5) checking t h e  ope ra t ion  of  t h e  ind iv idua l  components o f  t h e  device.  

1) a given s t a b i l i z e d  p o s i t i o n  of  t h e  

The design o f  t h e  apparatus  takes  t h e  form of an independent block which 

i s  f i r m l y  l i nked  t o  t h e  b a s i c  design o f  t h e  automatic s t a t i o n .  

The device has two i d e n t i c a l  lock channels f o r  c o l l e c t i n g  samples of  

s o i l  from t h e  p l a n e t ,  mounted a t  d i a m e t r i c a l l y  opposi te  p o l e s .  This design 

f o r  t h e  c o l l e c t i n g  device i n c r e a s e s  t h e  r e l i a b i l i t y  of  performance of  oper- 

a t i o n s  involving c o l l e c t i o n  o f  s o i l  samples i n  t h e  event t h a t  one of  t h e  

channels breaks down o r  i n  t h e  event t h a t  some o b j e c t  i s  loca t ed  i n  f r o n t  of  

t h e  opening o f  t h e  c o l l e c t i n g  channel.  

Sample c o l l e c t i o n  is  performed by means of  a s t i c k y  t ape  which i s  extend- 

ed by an e j e c t i o n  device and drawn back i n t o  the  apparatus  by means of  an 

e l e c t r i c  d r i v e .  

One gram o f  t h e  c o l l e c t e d  s o i l  i s  c o l l e c t e d  by t h e  device f o r  measurement 

and d i s t r i b u t i o n  among t h e  working c e l l s .  A s  t h e  s t r i p  i s  drawn back i n t o  t h e  

device,  i t  passes  between two d i sks  which remove p a r t i c l e s  of  s o i l ;  under t h e  

in f luence  o f  t h e i r  own weight,  they f a l l  on the  i n t a k e  disk of  t h e  dosing 

mechanism, balanced by a 25 mg counterweight.  A s  soon as t h e  weight of t h e  

/ 79 s o i l  t h a t  has f a l l e n  on t h e  d i sk  reaches 25  mg, t h e  d i sk  of t h e  dosing device - 
r o t a t e s  on a hinge and drops t h e  s o i l  i n t o  a working t h e r m o s t a t i c a l l y  con- 

t r o l l e d  c e l l  

con tac t s  of  a 

ti 1 t ing  block 

dosing devi ce 

ocated beneath t h e  d i s k .  A t  t h e  same t ime,  t h e  d i sk  c loses  t h e  

dose counting r e l a y ,  t u r n s  on a s t epp ing  motor t o  move t h e  

o f  c e l l s ,  and t h e  next c e l l  moves i n t o  p o s i t i o n  beneath t h e  
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In t h e  event o f  nonoperation o f  t h e  dosing dev ice ,  an electromagnet 

moves the  dosing device away from t h e  i n t a k e  opening o f  t h e  c e l l  and t h e  

a d d i t i o n  o f  s o i l  t o  t h e  ce l l  i s  measured i n  terms of  time. 

b i o  

mg. 

has  

The dose s e l e c t e d  f o r  t h e  photometric channel is 25 mg, t h a t  f o r  t h e  

uminescent channel i s  500 mg and t h a t  f o r  t h e  r ad iomet r i c  channel i s  100 

Af te r  t h e  s o i l  has  been d i s t r i b u t e d  among t h e  working cells and t h e  s t r i p  

been drawn back i n t o  t h e  lock device,  a mechanism ope ra t e s  t o  seal  the  

lock opening. 

se t  value.  The s t epp ing  device moves t h e  block of  cel ls  t o  t h e  working 

p o s i t i o n  which corresponds t o  s t r i c t  coincidence o f  t h e  i n t a k e  and o u t l e t  

openings of t h e  working ce l l s .  

o p e r a t e s .  

A p re s su re  r e g u l a t o r  r a i s e s  the  p r e s s u r e  i n  t h e  device t o  a 

Then t h e  mechanism f o r  s e a l i n g  o f  t h e  c e l l s  

On command from t h e  programmed device,  t h e  powder charges on t h e  v e s s e l s  

(ampoules with n u t r i e n t  medium and i n h t b i t o r s )  o p e r a t e .  These s o l u t i o n s  

e n t e r  t h e  working and con t ro l  c e l l s ,  coming i n t o  con tac t  with t h e  s o i l  p re -  

v ious ly  introduced.  The mechanism f o r  t he rmos ta t i c  c o n t r o l  of  t h e  working 

and con t ro l  c e l l s  i s  switched on. The process  of  i ncuba t ing  t h e  microorganisms 

begins .  

After  t h e  e l e c t r o n i c  blocks of t he  photometric and r ad iomet r i c  channels 

are switched on, information can be c o l l e c t e d  from t h e  corresponding outputs  

(outputs 1 - 4 ) .  

To perform measurements by t h e  bioluminescent method , s i x  r e a c t i o n  c e l l s  

with i d e n t i c a l  ope ra t ion  a r e  included i n  the  dev ice .  

formed i n  the following sequence: 1) 1.5-2 hours p r i o r  t o  t h e  s t a r t  of t h e  

f irst  measurement, a mixture of  an a l k a l i n e  s o l u t i o n  of  luminol with hydrogen 

peroxide i s  prepared from components s t o r e d  i n  i n d i v i d u a l  he rme t i ca l ly  s e a l e d  

ampoules; 2) t h e  mix tu re  of  r eagen t s  i s  poured i n t o  two r e a c t i o n  c e l l s  -- t h e  

f i r s t  and t h e  fou r th  i n  t h a t  o rde r ;  3) t he  background from t h e  mixture o f  

reagents  is  measured; 4) t h e  c u l t u r e  f l u i d  i s  admitted through dosing devices 

from t h e  working c e l l ;  5) t h e  u s e f u l  s i g n a l  i n  t h e  f i rs t  and f o u r t h  c e l l s  i s  

measured; 6) t h e  t i l t i n g  mechanism moves t h e  block o f  r e a c t i o n  c e l l s  t o  t h e  

Measurement i s  pe r -  
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angle a t  which two r e a c t i o n  c e l l s  ( t he  f i rs t  and t h e  f i f t h )  a r e  i n  a p o s i t i o n  

f o r  measurement. Then t h e  apparatus  is  ready f o r  t h e  next  measurement cycle  

which begins  with a d d i t i o n  o f  t h e  r e a c t i o n  mixture .  

The device i s  designed f o r  t h r e e  measurement cyc le s .  Each measurement i s  

performed with two r e p e t i t i o n s .  The time between measurement cycles  i s  

e s t a b l i s h e d  by a programmed device.  

V i b r a t i o n - r e s i s t a n t  pho tomul t ip l i e r s  are used as r a d i a t i o n  d e t e c t o r s  f o r  

t he  photometric and bioluminescent channels,  while beta-counters  are used f o r  

t he  r ad iomet r i c  channels.  Interchangeable  f i l t e r s  a r e  provided i n  t h e  o p t i c a l  

block of t h e  photometric channel;  t hese  f i l t e r s  allow measurement o f  o p t i c a l  

d e n s i t y  of t h e  medium i n  va r ious  regions of t h e  spectrum. The apparatus has 

a vo l t age  converter  f o r  supplying t h e  r a d i a t i o n  d e t e c t o r s .  

The volumes of t h e  doses shown i n  the  diagram may be reduced by a f a c t o r  

of  two. This reduces somewhat t h e  accuracy of t he  measurement, but  makes i t  

p o s s i b l e  t o  decrease t h e  s i z e  and weight of  t h e  appa ra tus .  

volumes w i l l  be e s t a b l i s h e d  fol lowing l abora to ry  tes t s  f o r  t h e  apparatus .  

P rec i se  dose 

This design f o r  t h e  mechanism i s  t h e  r e s u l t  o f  g e n e r a l i z a t i o n  o f  expe r i -  

mental s t u d i e s  performed a t  t h e  I n s t i t u t e  o f  Microbiology of  t h e  Academy of  

Sciences of  t he  USSR. 

The device makes i t  p o s s i b l e  t o  c o l l e c t  d a t a  f o r  t h e  planning and con- 

s t r u c t i o n  o f  new systems f o r  b i o l o g i c a l  s tudy of t h e  p l a n e t s .  

A l l  of  t h i s  considerably f a c i l i t a t e s  t h e  s o l u t i o n  of problems which a r i s e  

and w i l l  a r i s e  i n  designing l a r g e  b i o l o g i c a l  l a b o r a t o r i e s  t h a t  w i l l  include 

f a c i l i t i e s  f o r  ca r ry ing  out  a g r e a t  many p h y s i c a l ,  physico-chemical and 

b i o l o g i c a l  s t u d i e s .  
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EFFECT OF EXTREMAL FACTORS 

RESISTANCE OF CULPODA MAUPASI INFUSORIA TO LOW PRESSURE, 
ANOXIA, AND INTENSE COOLING 

V .  N .  Bychenkova and L .  K .  Lozina-Lozinskiy 

ABSTRACT. The r e s i s t a n c e  and adap ta t ion  of t h e  s imples t  
organisms t o  extremal in f luences  a r e  i n v e s t i g a t e d ,  and t h e i r  
t o l e r a n c e  o f  condi t ions similar t o  those  on Mars i s  s t u d i e d .  
Resul ts  of  experiments,  using a s p e c i a l  apparatus  i m i t a t i n g  
some Martian l i f e  cond i t ions ,  i n d i c a t e  t h a t  CoZpoda i n f u s o r i a  
are capable of reproduct ion i n  a flow-through atmosphere of 
a i r  o r  n i t r o g e n  containing mere t r a c e s  of oxygen. A t  r e s t  
i n  l a t e n c y ,  they a r e  r e s i s t a n t  t o  i n t e n s e  coo l ing ,  as we l l  as  
t o  u l t r a v i o l e t  i r r a d i a t i o n .  

I n  exobiological  s t u d i e s  , b a c t e r i a ,  u n i c e l l u l a r  and m u l t i c e l l u l a r  p l a n t  

organisms s e r v e  almost exc lus ive ly  as t h e  o b j e c t s .  

i n t e r e s t i n g  t o  s tudy t h e  p o s s i b i l i t y  of  ex i s t ence  of r e p r e s e n t a t i v e s  of  t h e  

animal kingdom under extremal condi t ions s i m i l a r  t o  those e x i s t i n g  on Mars. 

Model ob jec t s  f o r  experiments i n  t h i s  connection could be c e r t a i n  very simple 

animals,  i n  p a r t i c u l a r  t hose  i n f u s o r i a  which do not  r e q u i r e  considerable  

amounts o f  oxygen, form r e s t - s t a g e  c y s t s  and are capable of  withstanding var ious 

environmental f a c t o r s  which a r e  unfavorable f o r  l i f e .  Among the  most impor- 

t a n t  f a c t o r s  t h a t  l i m i t  t h e  a c t i v e  ex i s t ence  o f  animal organisms under Martian 

condi t ions a r e  t h e  fol lowing:  n e g l i g i b l e  content of  oxygen i n  the atmosphere, 

low p r e s s u r e ,  temperatures with high d i u r n a l  v a r i a t i o n s ,  low content of 

moisture and p o s s i b l y  shortwave u l t r a v i o l e t  r a d i a t i o n .  

I t  would be equa l ly  

We s t u d i e d  t h e  r e a c t i o n s  of our chosen o b j e c t s ,  t h e  i n f u s o r i a n  CoZpoda 
maupasi i n  terms of i t s  r e a c t i o n  t o  UV-radiation i n  t h e  s h o r t  wave region 

( A  = 2537 A) and t h e  d i u r n a l  v a r i a t i o n s  of  temperature (Bychenkova, 1966) .  

This a r t i c l e  p r e s e n t s  d a t a  on t h e  r e a c t i o n  of  t h i s  i n f u s o r i a n  t o  low p res su re  

i n  an atmosphere of a i r  and n i t r o g e n  and seve re  cooling a t  low p res su re .  

I t  i s  assumed t h a t  t h e  atmospheric p re s su re  o f  Mars i s  10 t o  12  t imes 

l e s s  than t h a t  on Ea r th  and roughly equal t o  t h e  p re s su re  which i s  found i n  
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t h e  s t r a t o s p h e r e  at  an a l t i t u d e  o f  17 km (83-87 mbar o r  65-66 mm Hg 

(Lyubarskiy, 1963; Firsov,  1966)) . 
However, t h e r e  i s  twice as much gas above t h e  s u r f a c e  of Mars than  t h e r e  

i s  a t  an a l t i t u d e  of 17 km above t h e  Ea r th ,  s i n c e  i t  i s  necessary t o  have 

more gas t o  o b t a i n  t h e  atmospheric p re s su re  which ex is t s  on Mars due t o  i t s  

lower mass. 

According t o  o t h e r  information,  t h e  d e n s i t y  of t h e  Martian atmosphere i s  - /82 

much less : according t o  the  f ind ings  of devices t h a t  were mounted aboard t h e  

"Mariner-4" probe, a p re s su re  was c a l c u l a t e d  equal t o  7-4 mbar (Kliore  e t  a l .  , 
1965). No oxygen was found i n  t h e  atmosphere of  Mars, although i n d i r e c t  d a t a  

i n d i c a t e  i t s  presence.  Apparently,  t h e  amount of  i t  does not  exceed 0.15% of  

t h a t  on Ea r th .  There i s  a b a s i s  f o r  consider ing t h a t  f r e e  oxygen e x i s t e d  

ear l ie r  i n  t h e  atmosphere of Mars i n  l a rge  amounts bu t  i s  now combined with 

t h e  rocks of t h e  p l a n e t .  

I n  conjunction with t h e  low p r e s s u r e ,  t h e  b o i l i n g  p o i n t  dec reases .  A t  

60 mm Hg, i t  i s  42", while  water w i l l  b o i l  a t  Oo a t  4 .58  mm Hg. 

arises as t o  whether protozoa could e x i s t  under condi t ions with such severe 

temperature v a r i a t i o n s .  

The quest ion 

There a r e  many papers  devoted t o  t h e  problem o f  t h e  s e n s i t i v i t y  of  

protozoa t o  a reduced content  o r  absence of  oxygen i n  t h e  environment 

(Kitching, 1939; Brand, 1951).  I t  has been shown t h a t  paramecia can l i v e  

under anaerobic  condi t ions f o r  per iods ranging from s e v e r a l  hours t o  s e v e r a l  

months. 

gas which i s  scrubbed of oxygen by means of  an a l k a l i n e  s o l u t i o n  o f  p y r o g a l l o l ,  

We observed t h a t  t h e  paramecia withstood condi t ions without oxygen when t h e  

oxygen content i n  t h e  medium was gradual ly  reduced and when t h e  medium was 

gradual ly  s a t u r a t e d  with i t .  

However, according t o  o t h e r  d a t a ,  paramecia w i l l  d i e  i n  10 seconds i n  

Reactions t o  anaerobic condi t ions depend on temperature ,  phase o f  develop- 

ment and t h e  age of the c u l t u r e  o f  organisms. Obviously, t h e  d i f f e r e n t  r e s u l t s  

obtained by var ious authors  a r e  explained by these  r easons ,  and a l s o  by t h e  

f a c t  t h a t  when t h e  a i r  i s  replaced by o t h e r  gases (hydrogen, n i t rogen)  t h e  

c a l c u l a t e d  q u a n t i t y  o f  oxygen may not always be contained i n  them. 
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A g r e a t  deal  of  information i s  a v a i l a b l e  i n  conjunction with i n f u s o r i a  

of  t h e  s p e c i e s  Cozpoda. Free-swimming ( ac t ive )  forms such as CoZpoda 
diodenaria w i l l  d i e  a t  a low p a r t i a l  p re s su re  of oxygen (Taylor,  S t r i c k l a n d ,  

1936); when t h e  p a r t i a l  p re s su re  of oxygen i s  reduced t o  1/10 of  i t s  content 

i n  a i r  and t h e  a i r  p re s su re  i s  15 mm Hg, Colpoda are ab le  t o  excys t ,  bu t  they 

cannot su rv ive  when t h e  a i r  i s  completely replaced by n i t r o g e n  f o r  more than 

25 hours (Brown , 1939). 

Data on simultaneous a c t i o n  o f  r a r e f a c t i o n  of  a i r  and low negat ive 

temperatures are very r a r e .  Thus , Becquerel (1936) kept t h e  fol lowing a t  t he  

temperature o f  l i q u i d  helium f o r  t h r e e  months : water p l a n t s  , rhizopoda, 

i n f u s o r i a ,  r o t i f e r a  and t a r d i g r a d a ;  t h e s e  o b j e c t s  were d r i e d  i n  vacuum over 

barium oxide,  and t h e  animals survived under these  cond i t ions .  

Annear (1956) kep t  t h e  f l a g e l l a t e  Stigomonas oncopelty d r i e d  i n  a 2% 

s o l u t i o n  of  glucose f o r  1 2  months i n  a vacuum a t  temperatures o f  4 and 20".  

A f t e r  t h i s  t r ea tmen t ,  t h e s e  f l a g e l l a t e s  mul t ip l i ed  r e a d i l y .  

/ 83 - According t o  t h e  d a t a  of  Taylor  and S t r i c k l a n d  (1936) , dry c y s t s  of 

Cozpoda cucuZZus w i l l  s u r v i v e  i n  a high vacuum (1-10-5 atm) when frozen i n  

l i q u i d  n i t r o g e n  j u s t  as well as t h e  con t ro l s ;  71 and 76% su rv ived ,  r e spec t ive -  

l y .  A l l  of t h e s e  d a t a  app l i ed  t o  d r i e d  organisms. 

We d i d  not  f i n d  any information i n  the  l i t e r a t u r e  on the  in f luence  of 

var ious degrees of r a r e f a c t i o n  of t h e  a i r  o r  o t h e r  gases on a c t i v e  colpoda; 

we s t i l l  do no t  know how t h e  dormant c y s t s  of protozoa w i l l  s u rv ive  i n  a 

moist medium when frozen i n  a r a r e f i e d  atmosphere o r  o t h e r  gases .  According 

t o  Siege1 e t  a l . ,  (1965) t h e  r e s i s t a n c e  of  p l a n t s  t o  low temperature i s  i n -  

creased with an i n s i g n i f i c a n t  content of oxygen i n  t h e  atmosphere ( 2 %  

98% Ar) . 
O 2  J 

The purpose of t h i s  s tudy  was t o  i n v e s t i g a t e  t h e  i n f l u e n c e  of r a r e f a c t i o n  

o f  an atmosphere of  a i r  and n i t r o g e n  on t h e  s u r v i v a l  and m u l t i p l i c a t i o n  of  

CoZpoda maupasi and t h e  r e s i s t a n c e  of i t s  c y s t s  t o  cool ing under low atmos- 

p h e r i c  p re s su re  condi t ions and hypoxia. 
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Material and Method 

The experiments were performed with i n f u s o r i a  (CoZpoda maupasi) obtained 

from l i chens  c o l l e c t e d  on t h e  Tseysk Glac ie r  (Northern Caucasus, a l t i t u d e  

2,000 meters above sea l e v e l )  i n  1963. The i n f u s o r i a  were c u l t u r e d  on a 

mineral  medium (Lozina-Lozinskiy, 1948) a t  a temperature  of  22-24". AS t h e  

source of nourishment, b a c t e r i a  of  t h e  s p e c i e s  BaeiZZus subti Zis were 

supp 1 i e d . 
The experiments were performed with a c t i v e  i n f u s o r i a  ( t rophonts)  and 

dormant c y s t s  i n  a Lozina-Lozinskiy medium and c y s t s  t h a t  had. been d r i e d  f o r  

24  hours on f i l t e r  paper .  Each experiment involved t h e  s tudy  of  from 1 2  t o  

50 a c t i v e  i n f u s o r i a ,  se t  out i n  i n d i v i d u a l  microaquaria each con ta in ing  

0.2-0.3 m l  of  medium. The experiments were r epea ted  3-4 t imes.  

This method made it  p o s s i b l e  t o  determine e a s i l y  t h e  s u r v i v a l  and t h e  

r a t e  o f  m u l t i p l i c a t i o n .  

i n d i v i d u a l l y  with 8 t o  42 r e p e t i t i o n s ,  i n  groups of 10 t o  50 c y s t s  f o r  5 t o  

10 r e p e t i t i o n s  o r  100 t o  500 c y s t s  f o r  3 t o  4 r e p e t i t i o n s  i n  var ious s e r i e s  

of  t e s t s .  Each s e r i e s  was repeated from 3 t o  11 t imes .  I n  t h e  experiments 

with d r i e d  c y s t s ,  from 375 t o  2,500 i n f u s o r i a  were used i n  each tes t  with 

3 t o  7 r e p e t i t i o n s ,  

The dormant c y s t s  with l i q u i d  medium were t e s t e d  

Rarefact ion of t h e  a i r  with a r e s i d u a l  p r e s s u r e  of  10 mm Hg was accom- 

p l i s h e d  i n  a microanaerostat  with a capac i ty  of  2 .5  l i t e r s  i n  5 t o  10 minutes,  

o r  i n  50 t o  60 minutes.  In  many of t h e  s e r i e s  of experiments,  a r a r e f a c t i o n  

equal t o  5 mm Hg was produced i n  ampoules with a capac i ty  of 3 . 0  and 4.0 m l  

i n  1 t o  3 minutes,  and t h e  ampoules were then s e a l e d ,  with t h e  degree of 

r a r e f a c t i o n  being recorded at  t h e  same time by a mercury manometer. To 

observe the  e f f e c t  of reduced p res su re  beneath t h e  microscope, t he  i n f u s o r i a  

were placed i n  a hanging drop i n  a Karel v e s s e l  o r  i n  an ampoule containing /84 
0 . 5  m l  o f  medium. 

Another s e r i e s  of t e s t s  was performed i n  a s p e c i a l  apparatus  c a l l e d  t h e  

"photostat" .  I n  t h e  l a t t e r ,  i t  was p o s s i b l e  t o  simulate more n a t u r a l  con- 

d i t i o n s  o f  t he  environment. In  the vacuum chamber of t h e  "photostat"  (with 

a volume of 18 l i t e r s ) ,  a given atmospheric p r e s s u r e  equal  t o  5 mm Hg was 
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produced with constant  exchange of  gas .  

m a t i c a l l y  and recorded on t h e  s t r i p  c h a r t  o f  t h e  device.  

descr ibed below, a i r ,  t e c h n i c a l  n i t rogen  containing up t o  1% oxygen and 

p u r i f i e d  n i t rogen  con ta in ing  0.0005% oxygen a t  r a r e f a c t i o n s  of 45, 15, 10 and 

5 mm Hg were passed through t h e  chamber o f  t h e  ' 'photostat" i n  which t h e  

i n f u s o r i a  were loca ted  a t  a rate of  240 m l  p e r  minute. 

reached 2 .5  mm Hg. 

The p r e s s u r e  was recorded auto- 

In  t h e  experiments 

Var i a t ions  i n  p r e s s u r e  

I n  o rde r  t o  avoid s i g n i f i c a n t  evaporat ion o f  t h e  medium, the  microaquaria 

containing t h e  i n f u s o r i a  were placed i n  P e t r i  d i shes  o r  c r y s t a l l i z e r s  on 

whose bottoms water  had been poured; t h e  d i s h e s  were covered loosely with 

covers and t h e  c r y s t a l l i z e r s  were covered wi th  d i s k s  made of p l a s t i c  which 

d i d  no t  prevent  a e r a t i o n .  

s t u d i e d  a t  temperatures of  20 * 2' and a t  6-8'. 

The e f f e c t  of r a r e f i e d  atmosphere on i n f u s o r i a  was 

The experiments with a n a e r o s t a t s  were continued depending on the  s u r v i v a l  

at  d i f f e r e n t  atmospheric r a r e f a c t i o n s  , sometimes l a s t i n g  more than a month a t  

p re s su res  of 15 mm Hg o r  more. The du ra t ion  of  t h e  experiments i n  t h e  

"photostat ' '  d i d  not  exceed two days, s i n c e  t h e  medium d r i e d  out during longer 

p e r i o d s .  

The c y s t s  were cooled i n  a low-temperature r e f r i g e r a t o r  t o  -30°, with 

t h e  c y s t s  being placed i n  watchglasses i n  t h e  a n a e r o s t a t s  i n  dry i c e  ( - 7 9 ' ) ,  

on watchglasses o r  i n  ampoules with r a r e f i e d  atmosphere, i n  l i q u i d  n i t rogen  

' (-196'), i n  ampoules and t e s t  t u b e s .  I n f u s o r i a  were frozen i n  water a t  + 3 0 ° ;  

t h e  atmospheric p r e s s u r e  was e s t a b l i s h e d  i n  t h e  a n a e r o s t a t  i n  the course of 

s e v e r a l  seconds while i t  requ i r ed  5 t o  7 minutes i n  t h e  chamber o f  t he  

"photostat" .  

The in f luence  o f  t h e s e  condi t ions was eva lua ted  on t h e  b a s i s  of  t he  s u r -  

v i v a l  of  t h e  i n f u s o r i a ,  t he  a b i l i t y  t o  excyst  and t h e  rate of d i v i s i o n ,  i . e . ,  

t h e  number of  daughter i n f u s o r i a  from one i n d i v i d u a l  with d a i l y  t r a n s f e r ,  o r  

a l l  o f  t h e  o f f s p r i n g  from one i n f u s o r i a n  were counted f o r  each day without 

t r a n s f e r .  As c o n t r o l s ,  w e  used t h e  i n f u s o r i a  which were not  sub jec t ed  t o  t h e  

a c t i o n  o f  r a r e f a c t i o n  and low temperatures o r  were sub jec t ed  t o  t h e  ac t ion  o f  

only one of these  f a c t o r s .  
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Resul ts  of t h e  Emeriments  
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45 
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Anaeros t a t  "Photos t a t "  
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100 100 -- 100 
__ . _  

I n  t h e  a n a e r o s t a t ,  t h e  s u r v i v a l  of  a c t i v e  i n f u s o r i a  changes as a func t ion  

o f  t h e  r a r e f a c t i o n  o f  t h e  air above t h e  l i q u i d  medium. I t  i s  apparent from 

t h e  d a t a  i n  Table 1 t h a t  as t h e  r a r e f a c t i o n  i n  t h e  anae ros t a t  i nc reases ,  t h e  

death of  t r o p h m t s  ( i n  two days) i nc reases  ( a t  a temperature  o f  18 t o  20'). 

Threshold r a r e f a c t i o n  i s  a t  approximately 15 mm Hg; a t  p re s su res  below 

t h i s  l e v e l ,  t h e r e  i s  a s i g n i f i c a n t  decrease i n  s u r v i v a l .  

TABLE 1. 
FOLLOWING EXPOSURE FOR TWO DAYS ( I N  % OF CONTROL) 

SURVIVAL OF ACTIVE Cozpoda maupasi AT DIFFERENT A I R  PRESSURES 

. . . . . -- - . . -- - - -  _ _  . . -  - 
Number o f  Experiment . .  

-~ 
Avg . I I1 Pres su re  , 

~ ~ . =  __._ .. . _ .  . . .  

A t  10 mm Hg, t h e  t rophonts  su rv ive  s a t i s f a c t o r i l y  f o r  s e v e r a l  days; 

a f t e r  two days,  t h e  number o f  l i v i n g  animals i s  about 40% on t h e  average, bu t  

a f t e r  t h r e e  days a l l  of  t h e  i n f u s o r i a  a r e  dead. I n  a nuinber o f  experiments,  

r a r e f a c t i o n  t o  10 mm Hg produced 100% deaths  on t h e  f i rs t  day. Rarefact ion 

of t h e  a i r  t o  5 mm Hg k i l l e d  t h e  a c t i v e  i n f u s o r i a  t h a t  were i n  t h e  hanging 

drop i n  a l l  experiments w i th in  50 t o  90 minutes,  bu t  i n  2.5 t o  3 hours i n  an 

ampoule conta in ing  0.5 m l  of  l i q u i d  medium. A t  t h i s  reduced p res su re ,  t h e  

i n f u s o r i a  were i n i t i a l l y  seen t o  slow down t h e i r  movements and then  ceased 

progress ive  movement, cu r l ed  up and a f t e r  t u rn ing  i n  one p o s i t i o n ,  broke up. 

Before t h i s  took p l ace ,  t h e  c o n t r a c t i l e  vacuole inc reased  s i g n i f i c a n t l y ,  

t ak ing  up almost a l l  of  t h e  c e l l .  

Surv iva l  of  t h e  t rophont  was poss ib l e  i f  r a r e f a c t i o n  t o  5 mm Hg was per -  

formed a t  a temperature of 6 - 8 ' .  Under these  cond i t ions ,  t h e  i n f u s o r i a  

i n i t i a l l y  swel led somewhat, and slowed down t h e i r  movements but  d id  not  s p l i t .  
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When t h e  i n f u s o r i a  were r e s t o r e d  t o  o r i g i n a l  condi t ions o f  temperature and 

p r e s s u r e ,  t h e i r  condi t ion r e tu rned  t o  normal. ., d 1 0 0 7  rd 

ku.4 
u ) o  

1 -_ 9 
z Res to ra t ion  o f  Normal 
9 o'= ' I  L. 1 0 3 ' J  12 

Pressu re ,  Days i/ :' + 2 

T r a n s p l  ant  a t  ion o f  
I n d i  v i  du a 1 Figure 2 .  

I n f u s o r i a ,  days maupasi Following Action o f  Atmospheric 
Rate of  Divis ion of  CoZpoda 

Figure 1. Rate o f  Divis ion A i r  Rarefied t o  15 mm Hg. 
of  CoZpoda maupasi a t  an A i r  
Pressure of 15 mm Hg. 

1-3 = a f t e r  1, 2 and 45 days 
under r a r e f a c t i o n ,  r e s p e c t i v e l y .  

I n  a l i q u i d  medium with b a c t e r i a  and i n  a i r  atmosphere r a r e f i e d  t o  15 mm 
hg, i n f u s o r i a  can su rv ive  f o r  a long t ime, a t  l e a s t  1-1.5 months. 

However, t h e  d i v i s i o n  r a t e  o f  t h e  i n f u s o r i a  under these  cond i t ions  i s  lower 

as compared t o  t h e  r a t e  of  m u l t i p l i c a t i o n  of  t h e  con t ro l s  under normal atmos- 

p h e r i c  a i r  p re s su re  (Figure 1 ) .  I t  i s  p a r t i c u l a r l y  reduced on t h e  second o r  

t h i r d  day fol lowing imposi t ion of  t h e  r a r e f i e d  atmosphere. 

t h e  ra te  of  m u l t i p l i c a t i o n  of  t h e  experimental  animals amounted t o  a t o t a l  

of  18% o f  t h e  ra te  o f  t h e  c o n t r o l s .  The reduct ion o f  t h e  d i f f e r e n c e  i n  t h e  

r a t e  o f  d i v i s i o n  o f  t h e  experimental  and con t ro l  i n f u s o r i a  on t h e  f i f t h  day of 

d i v i s i o n  i s  explained most l i k e l y  by the f a c t  t h a t  a t  t h i s  t ime t h e  encysta-  

On t h e  t h i r d  day, 

t i o n  o f  t h e  con t ro l s  was beginning, while t he  i n f u s o r i a  i n  t h e  r a r e f i e d  /87 
atmosphere continued t o  mul t ip ly .  In  a d d i t i o n ,  t he  number of  a c t i v e  i n f u s o r i a  

i n  t h e  experimental  groups decreased i n  conjunction with e n c y s t a t i o n .  

A drop i n  t h e  ra te  of d i v i s i o n  with r a r e f a c t i o n  o f  t h e  a i r  was observed 

i n  experiments i nvo lv ing  CoZpoda maupasi, found i n  s o i l  from a permafrost  zone 

on t h e  s l o p e s  of  Mount Razvalka (Northern Caucasus, Mineral 'nyye Vody Rayon). 

These i n f u s o r i a  withstood r a r e f a c t i o n  o f  t h e  atmosphere t o  15 mm Hg f o r  t h r e e  

days,  b u t  t h e i r  ra te  o f  d i v i s i o n  decreased by a f a c t o r  of  t h r e e  r e l a t i v e  t o  t h e  

c o n t r o l s ,  and t h e s e  i n f u s o r i a  subsequently d i e d .  
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m 
--i 

Z l A  
Following r e s t o r a t i o n  o f  normal 

1 atmospheric p re s su re  of  t h e  a i r  , t h e  
VI 4 15,; 
5 0  

c- L -- . .  
c w  - c ‘i, --2- s u r v i v a l  and d i v i s i o n  r a t e  o f  t h e  

0 

z Pressure, days 

i n f u s o r i a  sub jec t ed  t o  t h e  a c t i o n  of  

r a r e f a c t i o n  became t h e  same as f o r  t h e  

c o n t r o l s  (Figures 2 and 3 ) .  

Figure 3.  CoZpoda maupasi Fol-  I n  v e s s e l s  with less capac i ty  - -  

ampoules with volumes from 4 t o  0 . 3  m l  

of medium - -  a t  t h e  same p r e s s u r e  of  

lowing Restorat ion o f  Normal 
Atmospheric Pressure of  t h e  A i r .  

1-3 eauals  a f t e r  1. 2 and 45 
days under r a r e f a c t i o n  , r e -  
s p e c t i v e l y .  

15 mm Hg, i n f u s o r i a  survived much l e s s  

s a t i s f a c t o r i l y  (35%). The r a r e f a c t i o n  

r a t e  has no e f f e c t  on t h e  s u r v i v a l  of  

t rophonts  i f ,  f o r  example, t h e  p re s su re  v a r i e s  during f i v e  minutes o r  one 

hour .  

The c y s t s  r e s u l t i n g  from t h e  m u l t i p l i c a t i o n  of CoZpoda maupasi i n  a 
r a r e f i e d  atmosphere up t o  15 mm Hg survived and completed t h e i r  development. 

A t  lower p re s su res  they d i ed  l i k e  t h e  t rophon t s .  

TABLE 2 .  EXCYSTATION OF DORMANT CYSTS OF COLPODA MAUPASI AT 
VARIOUS A I R  PRESSURES I N  THE ANAEROSTAT (IN % OF CONTROL VALUE). 

DURATION OF EXPERIMENT - -  2 DAYS 
~ ~ . .  .- . .  . . . . .  ~ -~ 

Excystat ion of  Cysts Under P res su re  , mm H g . 1 ~  
. .  .~.. .  ... . . . . . . ... . .  . - Number of 

10 
~ ~ . . . 

15- . Experiment ~. ~~~ ~- 45 

100 
100 
100 

100 
36.4 
48.1 

72.0 
100 

7 . 4  
8 . 0  
3 . 3  

.. - - - 

Average 100 80.9 t 1 7 . 1  6 . 2  t 1 . 9  

The dormant c y s t s  withstand an atmospheric p re s su re  of 5 mm Hg and 

probably lower temperatures as we l l  both i n  a l i q u i d  medium and d r i e d  on f i l t e r  

paper .  However, a r a r e f i e d  atmosphere of a i r  above a l i q u i d  medium containing 

dormant c y s t s  a f f e c t s  t h e i r  excys t a t ion  (Table 2 ) .  A t  r a r e f a c t i o n s  below 5 mm 

Hg, t h e r e  i s  no excys t a t ion  of  CoZpoda maupasi. 
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Action o f  Raref ied Atmospheric . A i r  - -  Flow i n  t h e  "Photostat1 '  
. . .  .- ... .- .~ . -~ .. ~ . -  

Completely d i f f e r e n t  r e s u l t s  were obtained i n  t h e  "photostat" chamber 

with constant  throughput of  a i r .  The d a t a  shown i n  Table 1 i n d i c a t e  t h a t  

a c t i v e  i n f u s o r i a  survived w e l l  both with r a r e f a c t i o n  o f  t h e  a i r  t o  15 and 

10 mm Hg and with r a r e f a c t i o n  t o  5 mm Hg ( r ega rd le s s  o f  whether t h e  temperature 

was 8 o r  2 0 ' ) .  

i n f u s o r i a  excysted even with r a r e f a c t i o n  t o  5 mm Hg o f  a i r .  Under these  

condi t ions of  r a r e f a c t i o n  and a t  a temperature o f  2 0 ° ,  i n f u s o r i a  mul t ip l i ed  

with t h e  same speed as i n  t h e  con t ro l  group. 

I t  was found t h a t  79.2% o f  t h e  dormant c y s t s  of  t hese  

E f f e c t  of  - Raref ied Nitrogen i n  t h e  ~~ Anaerostat  

To answer t h e  ques t ion  as t o  whether it i s  only a sho r t age  of oxygen t h a t  

. . .  .- . . . . . . .  - .. - __ .~. .~ 

a f f e c t s  t h e  i n f u s o r i a  when t h e  a i r  i s  r a r e f i e d  o r  whether t h e i r  decrease i n  

p r e s s u r e  i s  of  some s i g n i f i c a n c e ,  experiments were organized i n  which t h e  a i r  

was r ep laced  by n i t r o g e n .  

F o r  t hese  experiments,  we used n i t rogen  which contained 1 and 0.0005% 

oxygen. I n i t i a l l y ,  t h e  a i r  was pumped out  of  t h e  a n a e r o s t a t  t o  provide t h e  

minimum p o s s i b l e  amount which according t o  t h e  reading of t h e  mercury man- 

ometer was about 3-5 mm Hg; t h e  chamber was then f i l l e d  with n i t rogen  t o  

normal atmospheric p r e s s u r e ,  and then r a r e f i e l d  t o  45, 15,  10 and 5 mm Hg. 

The experiments showed t h a t  a t  a p re s su re  of  15 mm Hg o r  more i n  an atmosphere 

of  n i t rogen  containing 1 and 0.0005% oxygen, i n f u s o r i a  w i l l  s u rv ive  and mul t i -  

p ly  f o r  two days i n  p r a c t i c a l l y  t h e  same fashion as i n  an atmosphere of  a i r  a t  

t h e  same p r e s s u r e .  A t  high l e v e l s  o f  r a r e f a c t i o n  - -  up t o  10 and 5 mm Hg -- 

t h e  i n f u s o r i a  begin t o  d i e  on t h e  f i r s t  day (Table 3 ) .  They cannot excyst 

under these  cond i t ions .  

I n  ampoules with a volume of  15 m l  .at a r a r e f a c t i o n  o f  15 mm Hg n i t rogen  

with 1% oxygen does no t  k i l l  i n f u s o r i a  i n  two days i n  9 samples out  of 10, 

a t  10 mm Hg i n  2 samples out  of 10 and a t  5 mm Hg a l l  o f  t h e  i n f u s o r i a  d i e .  

Effect o f  Raref ied ~ ~ -~ Circu l  -~ a t i n g N i  - -  t rogen .~ Atmosphere i n  t h e  "Phot os t a t  I '  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  

I n  c o n t r a s t  t o  t h e  experiments i n  the  a n a e r o s t a t ,  i n f u s o r i a  su rv ive  we l l  

and mul t ip ly  i n  an atmosphere o f  t e c h n i c a l  n i t r o g e n  r a r e f i e l d  t o  10 and 5 mm Hg 
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. .  , . . . . . . .  

i n  t h e  vacuum chamber o f  t h e  "photostat".  

w i l l  excyst  a t  a p r e s s u r e  of 5 mm Hg. 

Approximately 67% o f  t h e  i n f u s o r i a  

With a constant  i n t e rchange  o f  p u r i f i e d  n i t r o g e n  f o r  two days,  t h e  same 

high percentage o f  i n s u f o r i a  (92%) w i l l  s u r v i v e  as i n  an atmosphere o f  t e c h n i c a l  

n i t rogen  a t  p re s su res  o f  10 mm o r  more. However, i n  c o n t r a s t  t o  t h e  i n s u f o r i a  

t h a t  were i n  n i t r o g e n  con ta in ing  1% oxygen, t h e  ra te  o f  d i v i s i o n  i s  much lower 

(Table 4 ) .  

The i n s u f o r i a  themselves were cha rac t e r i zed  by s l i g h t l y  smaller s i z e  and 

reduced movement. Aproximately 80% o f  t h e  i n f u s o r i a  excysted.  Consequently, 

with a content  of 0.0005% oxygen i n  t h e  atmosphere and with reduced p res su re  

amounting t o  1/150 of normal atmospheric p re s su re ,  a e r o b i c  i n s u f o r i a  (CoZpoda 
m a u p a s i )  can e x i s t ,  al though t h e  condi t ions are c l a s s i f i e d  as b o r d e r l i n e .  The 

ex i s t ence  of  u n i c e l l u l a r  organisms a t  such n e g l i g i b l e  oxygen l e v e l s  as i n  /91 
p u r i f i e d  n i t rogen  and low p r e s s u r e  i s  p o s s i b l e  thanks t o  t h e  continuous r ep lace -  

ment o f  t h e  gas i n  t h e  vacuum chamber o f  t h e  "photostat" .  

Effect o f  Severe Cooling on t h e  Dormant Cysts of  CoZpoda - -  maupasi i n  t h e  
Normal and Raref ied Atmosphere 

According t o  t h e  d a t a  i n  t h e  l i t e r a t u r e ,  i n f u s o r i a  of t h e  spec ie s  Colpoda 

(CoZpoda mcuZZus), while  i n  t h e  dormant c y s t  s t a g e ,  can withstand t h e  tempera- 

t u r e  of l i q u i d  n i t rogen  both i n  t h e  d r i e d  s t a t e  and i n  a f l u i d  medium (Taylor,  

S t r i c k l a n d ,  1936). In a l i q u i d  medium, according t o  t h e  s ta tements  of  t h e s e  

au tho r s ,  i n s u f o r i a  w i l l  s u rv ive  only with r a p i d  cool ing (with t h e  temperature 

dropping a t  t h e  r a t e  of -200" i n  s e v e r a l  seconds) .  

and Edstrom (1961) showed t h a t  dormant c y s t s  of  CoZpoda mcuZZus a r e  s e n s i t i v e  

t o  temperatures as high as 5".  

v a r i e s  from 10 t o  90%. 

The experiments o f  Pigon 

Death of t h e  organisms a t  t h i s  temperature 

Cooling o f  Dormant Cysts a t  .. Normal P r e s s u r e  

I t  i s  apparent from t h e  d a t a  presented below t h a t  t h e  cool ing of dormant 

c y s t s  of CoZpoda maupasi i n  a l i q u i d  Lozina-Lozinskiy medium t o  -30" d i d  not 

cause t h e i r  death.  

t h e  i n f u s o r i a  excysted.  

Af t e r  one o r  two days a t  a temperature o f  -30" 100% of  
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A t  a cool ing 
Temperature, "C 

- 30 
- 79 
-79, -196 

- 196 

Survival  o f  c y s t s  ( i n  % o f  c o n t r o l s )  a t  
atmospheric p r e s  sure equal  t 0 

760 mm Hg 

100 
67.7 ? 27.6 

6 6 , +  5.8 
0 

5 mm Hg 

97.2 2 3 .6  
87.5 t 12 .5  
82.3 f 16.8 

0 

Under t h e s e  cond i t ions ,  cool ing was slow and c r y s t a l l i z a t i o n  of  t h e  water  

i n s i d e  t h e  cel ls  d i d  no t  t a k e  p l ace .  The high s u r v i v a l  r a t e  was a l s o  observed 

during cool ing i n  dry i c e :  

were i n  ampoules con ta in ing  a l i q u i d  medium, t h e  cool ing rate down t o  -79" was 

a l s o  low - -  about 3" p e r  minute. 

i n t r a c e l l u l a r  f r eez ing  d i d  not  t a k e  p l a c e .  

ampoules containing t h e  dormant c y s t s  i n  l i q u i d  n i t r o g e n  (-196%), no encysta-  

t i o n  was observed, a t  least  f o r  two days.  

it v a r i e d  between 100 and 30%. Since t h e  c y s t s  

A t  t h i s  r a t e ,  t h e  c y s t s  could dehydrate and 

Following r a p i d  cool ing o f  t h e  

I f  t h e  c y s t s  were i n i t i a l l y  cooled t o  -79", ( f o r  pe r iods  o f  30 and 60 

minutes) ,  and then placed i n  a chamber with a temperature o f  -196", t h e  

percentage of  excysted i n f u s o r i a w a s  t h e  same as fol lowing a s i n g l e  cool ing t o  

-79". 
- /92 

Di rec t  observat ion and photography of  t h e  cool ing p rocess  o f  t h e  c y s t s  i n  

t h e  f i e l d  o f  a luminescence microscope (using i n c i d e n t  l i g h t )  supported t h e  

suggest ions t h a t  were made t o  exp la in  t h e  d a t a  on t h e  e f f e c t  o f  t h e  cool ing 

ra te .  

e r a t u r e  of  dry i c e ,  t h e r e  was a gradual  s h r i v e l i n g  of  t h e  c y s t s :  none of t h e  

dark c e l l s  which are formed during i n t r a c e l l u l a r  c r y s t a l l i z a t i o n  o f  water 

(Lozina-Lorinskiy,  1963, 1966) were observed. There was no rup tu re  o f  t h e  c e l l  

envelope. A f t e r  t h e  c e l l  thawed, it again assumed a round shape. With r a p i d  

f r e e z i n g  i n  l i q u i d  n i t r o g e n ,  it i s  p o s s i b l e  t o  d e t e c t  t h e  formation o f  c r y s t a l s  

i n  t h e  c e l l  d i s p l a c i n g  t h e  cytoplasm and t h e  chromatinic substance,  v i s i b l e  

thanks t o  t h e  i l l u m i n a t i o n  at  t h e  per iphery of t h e  c e l l .  

velope was seen t o  occur  i n  many cel ls  a t  t h e  t ime o f  thawing. 

During slow cool ing o f  t h e  p repa ra t ion  containing t h e  c y s t s  t o  t h e  temp- 

Rupture of t h e  en- 

107 



I- 
0 
03 TABLE 3 .  SURVIVAL OF ACTIVE COLPODA MAUPASI AT VARIOUS NITROGEN PRESSURES FOLLOWING TWO 

DAYS OF EXPOSURE (IN % OF CONTROL) 
-. 

Anaerostat ,  Number of experiment - _ _  

I P r e s su re ,  
mm Hg. I I 1 11 1 111 1 I v  1 v I VI  1 VII  I Averagk I I I I I  I 111 1 I V  1 v IAverage 

Nitrogen , 99.0% Nitrogen , 99.9995%' 
I 0 0 0 0 0 - -  0 0 0 0  - 

10 70,7 3 0 , O  0 36,7 63,3  70,O 0 "9,5 76 ,7*  51,i 0 0 0 2 5 , s  
1 .I s0,o 90,o 100 - _- - - 90,o 96,7 89,6 100 93,3  - 94,4 
4 )  rlr),n - - 

- - 

- - - 95,') 9*5,3 63,s %,7  - - 84,4 

"Photostat", Number 
Pressure,  I - - 

-__c___ 

I I ' Nitrogen, 99.0% 

:) 1 uo 91,3 80,o 
10 97,9 l(J0 - 
1 . 1  100 88,O 
4 .  I 100 100 100 

IV Averag 
I 
I 

-I__. ___ -. .- . - . - . .. - . . ..- - - __ __. - . - - 
E experiment 

I I 
1 I I1 I 111 1 IV  1 v. 1 V I  

I 1 I I 
Nitrogen, 99.9995% 
I 

* On t h e  f i r s t  day 
** I n  ampoules 

*** 0 equals negat ive r e s u l t s ,  program i n t e r r u p t e d ,  no experiment. 

Commas i n d i c a t e  decimal p o i n t s .  



Table 4 .  RATE OF DIVISION OF CoZpOda  
m U U p a S i  AT DIFFERENT AIR AND NITROGEN PRESSURES 

AT A TEMPERATURE OF 18-20" (RELATIVE TO CONTROLS) 

- 
C l a s s i f i c a t i o n  by Pressure ,  mm H X  - .  ~~ 1 NO. 0-f 1- - 15 I 

I Atmosphere , exper. 
I I I 

A i  r 

Nitrogen , 
99.0% 

Nitrogen,  
99.9995% 

A i r  

Ni t rogen , 
99.0% 

N i t  r o s n  
99 .9995 % 

1 
2 
3 
4 
5 

i 
2 

I 
2 
3 

I 
2 
3 
4 

1 
2 
3 
4 
5 

1 

Anaeros t a t  

"Phot os t a t "  
0,30*0,03 
i ,70*0,5 
1,30*0,7 

- 

0,4+-0,25 

0,5,tO,iS 
0,5f0,16 
0,5&0,14 

o,s*o,oo 

- 

0,02~0,008 
o , s O f O ,  10 

0, ZS*0 ,06  

0, U6f0.03 
0 , i i  f0,07 

0,20fO ,OS 
0,10*0,03 

0,45+0,15 
0,44&20,23 

- 

0,3 t P . 2  

*In ampoules, 4.0 cc. 

Commas i n d i c a t e  decimal p o i n t s .  

Freezing Dormant _. Cysts -.- i n  a Raref ied ~~~ Atmosphere 

Dormant c y s t s  were sub jec t ed  t o  cool ing  i n  a l i q u i d  medium (Lozina- 

Lozinskiy) and d r i e d  on f i l t e r  paper  f o r  a day a t  a temperature  o f  23' i n  a i r  

r a r e f i e d  t o  5 mm Hg. 

A f t e r  t h e  c y s t s  were cooled a t  low p res su re  t o  -30°, t h e  i n f u s o r i a  i n  t h e  

l i q u i d  medium excysted (97 .2% i n  comparison t o  t h e  c o n t r o l s ) .  

of i n f u s o r i a  t h a t  excysted from c y s t s  cooled t o  -79' was somewhat less, as was 

The percentage 
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t h e  case with s tepwise cool ing t o  -196". The s u r v i v a l  r a t e  with seve re  coo l ing  

under cond i t ions  of r a r e f i e d  atmosphere was 20% h i g h e r  on t h e  average than a t  

Qormal p r e s s u r e  (see above). However, t h i s  d i f f e r e n c e  was not  s t a t i s t i c a l l y  

r e l i a b  le .  

The d r i e d  c y s t s ,  as we would expect ,  have about t h e  same r e s i s t a n c e  t o  

cool ing under condi t ions o f  low p r e s s u r e  as c y s t s  from a l i q u i d  medium: follow- 

ing  cool ing t o  -30°, 85.7 f 7.9% excysted,  t o  -79", 8 .6  t 11.1% and t o  -196O, 

90%, r e s p e c t i v e l y .  

Evaluation o f  ~. t h e  Resul ts  Obtained _. 

The quest ion of  t h e  composition and d e n s i t y  o f  t h e  gaseous medium i n  which 

u n i c e l l u l a r  organisms can e x i s t  i s  o f  gne ra l  b i o l o g i c a l  i n t e r e s t  and s i g n i f i c a n t  

f o r  s e v e r a l  problems of  exobiology. In p a r t i c u l a r ,  it i s  s t i l l  no t  c l e a r  what 

t h e  minimum q u a n t i t i e s  o f  oxygen i n  t h e  atmosphere and how g r e a t  t h e  r a r e f a c t i o n s  

a r e  which w i l l  a l low t h e  e x i s t e n c e  and m u l t i p l i c a t i o n  of protozoa t h a t  belong t o  

t h e  ae rob ic  and f r e e l y  mobile forms. 

- /93 

The d a t a  contained i n  t h e  l i t e r a t u r e  on t h e  r e s p i r a t i o n  o f  protozoa and t h e i r  

oxygen requirements i n d i c a t e  t h e  ex i s t ence  of anaerobic  forms i n  n a t u r e ,  as well 

as forms which change over  completely under c e r t a i n  cond i t ions  t o  t h e  g l y c o l y t i c  

form o f  metabolism and become anoxiobionts  t empora r i ly .  

r e a c t i o n s  of  protozoa t o  a reduced content  o r  absence of oxygen i n  t h e  medium 

and t h e i r  a b i l i t y  t o  withstand anoxia o r  hypoxia have been s t u d i e d  by var ious 

methods. 

branches of e n e r g e t i c  metabolism, it was found t h a t  t h e r e  was a need f o r  c e r t a i n  

r e s p i r a t o r y  enzymes and a c t i v i t y  of  enzymes depending on t h e  gas composition of  

t h e  medium. 

The s tudy  of  t h e  

On t h e  b a s i s  o f  t h e  use  of  i n h i b i t o r s  which suppress  t h e  var ious 

I t  is d i f f i c u l t  t o  eva lua te  t h e  p o s s i b i l i t y  of anae rob ios i s  o f  animals from 

a populat ion of b io topes  i n  which t h e r e  i s  very l i t t l e  oxygen o r  only t r a c e s  of  it, 

s i n c e  we do no t  know whether o r  not  t h e s e  organisms e x i s t  only due t o  anaerobic 

metabolism o r  whether they use t r a c e s  o f  oxygen. A d i r e c t  method of determining 

t h e  v i a b i l i t y  of  organisms i n  a medium without oxygen o r  with reduced content  

of t h e  l a t t e r  is  t o  p l a c e  them i n  hermetic  v e s s e l s  from which t h e  gas i s  removed, 
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r ep lac ing  it by some i n e r t  gas o r  by absorbing t h e  oxygen by means of  chemical 

absorbers .  

This method, however, has  several d i f f i c u l t i e s  and shortcomings. I t  does 

no t  t a k e  i n t o  account t h e  change i n  t h e  composition of  t h e  atmosphere i n  t h e  

closed vessel  with organisms i n  which remnants o f  oxygen may be abosrbed com- 

p l e t e l y  by cel ls  and where gases may develop as t h e  r e s u l t  of  metabolism. In  

gases which have been chemically scrubbed o f  oxygen, f o r  example with t h e  a i d  

o f  an a l k a l i n e  s o l u t i o n  o f  p y r o g a l l o l ,  t h e r e  are t r a c e s  of  oxygen which can 

maintain t h e  v i t a l  a c t i v i t y  of aerobes f o r  a s h o r t  time. Therefore,  a s h o r t  s t a y  

( s e v e r a l  hours)  of  organisms and c e l l s  under such condi t ions w i l l  have no e f f e c t  

on t h e i r  capac i ty  f o r  anae rob ios i s .  We can assume t h a t  folaowing absorpt ion o f  

t h e  t r a c e s  of  oxygen t h e  cells  w i l l  d i e  as a r e s u l t  of t h e  anaerobic condi t ions 

which develop. 

o f  organisms t o  a sho r t age  of  oxygen i n  a closed environment, f o r  example i n  

a n a e r o s t a t s  and v e s s e l s  o f  o t h e r  types,  cannot provide an exact  explanat ion of 

t h e  need o f  c e l l s  f o r  oxygen and w i l l  no t  demonstrate t h e i r  capac i ty  f o r  anaero- 

b i o s i s  i n  s h o r t  experiments.  Moreover, experiments with c u l t u r e s  of organisms 

i n  he rme t i ca l ly  s e a l e d  chambers are d i f f i c u l t  t o  compare with one another ,  s i n c e  

t h e  amount o f  r e s i d u a l  oxygen t h a t  remains a f te r  t h e i r  removal depends on t h e  

volume o f  t h e  v e s s e l  and t h e  amount of  oxygen r e q u i r e d  depends on t h e  number o f  

c e l l s  and t h e i r  phys io log ica l  cond i t ion ,  which changes during incubat ion.  Hence, 

t o  so lve  t h e  problems with which we a r e  faced,  t h e s e  problems cannot be considered 

s a t i s f a c t o r i l y .  

Consequently, t h e  d i r e c t  method o f  o rd ina ry  s tudy of  s e n s i t i v i t y  

The presence of  oxygen on Mars has  n o t  been proved, b u t  /94 
it is  assumed t h a t  it i s  found i n  amounts which a r e  approximately 1 ,000  t imes 

l e s s  than i n  t h e  atmosphere of  t h e  Ea r th .  

microorganisms and lower l i f e  forms could e x i s t  under t h e s e  condi t ions cannot b e  

answered by means o f  s tudying t h e i r  r e s i s t a n c e  t o  a shor t age  o f  oxygen i n  c losed 

chambers l i k e  a n a e r o s t a t s .  In  t h i s  connection, a continuously renewed atmosphere 

was c r e a t e d  i n  a s p e c i a l l y  b u i l t  chamber c a l l e d  t h e  "photostat",  with a set  

p r e s s u r e  i m i t a t i n g  an open system l i k e  t h e  atmosphere on some p l a n e t .  

The ques t ion  of  whether or not  ae rob ic  

This work demonstrated t h e  a b i l i t y  o f  f r e e - l i v i n g  ae rob ic  i n f u s o r i a  

(CoZpoda m a u p a s i )  no t  only t o  s u r v i v e  b u t  t o  mul t ip ly  under condi t ions i n  which 
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t h e  a i r  was r a r e f i e d  t o  15 mm Hg i n  a he rme t i ca l ly  s e a l e d  chamber (micro- 

anae ros t a t )  and t o  5 mm Hg i n  t h e  "photostat" .  

chambers reached 0 . 5  and 0.16%, r e s p e c t i v e l y ,  of  t h e  amount contained i n  normal 

atmospheric a i r .  

i n g  0.3 m l  of  l i q u i d  medium, w e  found 0.2 m i c r o l i t e r s  o f  oxygen. I n  t h e  

opinion o f  Adolph (1929) and Amberson (1928), t h e  a b i l i t y  o f  small i n f u s o r i a  

t o  su rv ive  with a low content  o f  oxygen i n  the  medium i s  due t o  t h e  low l e v e l  

o f  consumption o f  t h e  l a t t e r .  However, a r educ t ion  of t h e  rate o f  d i v i s i o n  

with a r a r e f a c t i o n  of t he  a i r  t o  15 mm Hg i n  a he rme t i ca l ly  s e a l e d  chamber 

( anae ros t a t )  o r  i n  a s e a l e d  ampoule i n d i c a t e s  a decrease i n  t h e  i n t e n s i t y  o f  

t h e  c e l l u l a r  metabolism. 

The oxygen content  i n  t h e s e  

With r a r e f a c t i o n  of t h e  a i r  t o  15 mm Hg i n  a sample contain-  

According t o  the  d a t a  presented by Pigon (1959), one type o f  i n f u s o r i a  

(CoZpoda cumzlus)  uses 10-20-10-5 m i c r o l i t e r  o f  0 

a r e  app l i ed  t o  CoZpoda maupasi, then i n  a sample o f  0 . 3  m l  one i n f u s o r i a n  can 

l i v e  and mul t ip ly  f o r  t h r e e  t o  f i v e  days with a constant  maximum u t i l i z a t i o n  o f  

20-iO-5 m i c r o l i t e r  of 02. In t h e  encysted s t a t e  and a t  low temperatures ,  t h e  

u t i l i z a t i o n  o f  oxygen decreases by a f a c t o r  of 10 t o  20 o r  more. I n  t h i s  

connection, t h e  p o s s i b l e  l i f e t i m e s  of i n f u s o r i a  i n  r a r e f i e d  a i r  are inc reased  

when t h e  l a t t e r  i s  cons t an t ly  changed. 

p e r  hour. If t h e s e  d a t a  2 

Hence, t h e  s u r v i v a l  and m u l t i p l i c a t i o n  of  CoZpoda maupasi i n  an atmos- 

phere of  a i r  r a r e f i e d  t o  5 nun Hg can be given a t h e o r e t i c a l  b a s i s .  

In  t h e  l i t e r a t u r e ,  t h e  v i a b i l i t y  of  animals a t  va r ious  l e v e l s  o f  rare- 

f a c t i o n  i s  evaluated from t h e  s t andpo in t  o f  oxygen i n s u f f i c i e n c y .  Our 

experiments i n  t h e  anae ros t a t  with replacement of  a i r  by n i t r o g e n  (containing 

a t r a c e  o f  oxygen -- 0.0005%) appeared t o  i n d i c a t e  a c e r t a i n  r o l e  being played 

by reduced p res su re .  Under condi t ions of r a r e f a c t i o n  o f  t h e  a i r  below 5 mm Hg, 

i n f u s o r i a  (CoZpoda maupasi) w i l l  not  su rv ive  a t  20°, bu t  i f  t h e  p re s su re  i s  

inc reased  t o  15-10 mm Hg of  chemically pure n i t r o g e n ,  t hen  about 100% of  t h e  

i n f u s o r i a  w i l l  s u rv ive  and mul t ip ly .  

However, i n  a chamber where t h e  a i r  o r  t h e  n i t r o g e n  i s  changed during t h e  

experiment,  t he  i n f u s o r i a  w i l l  s u rv ive  and w i l l  excyst  from t h e i r  dormant c y s t s  

even a t  r a r e f a c t i o n s  o f  5 mm Hg and a n e g l i g i b l e  oxygen content  i n  t h e  - /95 

n i t rogen  . 
1 1 2  



The s u r v i v a l  and m u l t i p l i c a t i o n  of i n f u s o r i a  i n  an atmosphere o f  "pure" 

n i t r o g e n ,  containing a maximum of 0.0005% O2 a t  a p r e s s u r e  of 5 mm Hg, i n d i c a t e  

n o t  only t h e  low consumption of oxygen b u t  a l s o  t h e  a b i l i t y  of t h e  c e l l s  t o  

e x t r a c t  t h e  t r a c e s  of  t h i s  gas .  

anaerobic n a t u r e  o f  u n i c e l l u l a r  organisms i f  they  e x i s t  i n  I'pure" n i t rogen  o r  

i n  an atmosphere o f  some o t h e r  gas which has  n o t  been completely scrubbed of 

oxygen. 

Consequently, w e  cannot always speak of t h e  

The condi t ions of a f i x e d  atmosphere i n  t h e  "photostat",  forming an open 

system, imitate  t h e  poss ib l e  exchange of gases from t h e  s u r f a c e  of t h e  p l a n e t  

Mars t o  a g r e a t e r  degree than t h e  experiments which are performed with 

organisms i n  he rme t i ca l ly  s e a l e d  systems. 

On t h e  b a s i s  o f  t h e  d a t a  obtained,  we can assume t h a t  low p r e s s u r e  and 

t r a c e s  o f  oxygen i n  t h e  atmosphere of  Mars cannot s e rve  as  a hinderance t o  t h e  

ex i s t ence  o f  c e r t a i n  t e r r e s t r i a l  animals resembling t h e  s o i l  i n f u s o r i a  Cozpoda 
maupasi . 

According t o  t h e  information from a number of au tho r s ,  t h e  swe l l ing  of 

t h e  c e l l s  of  i n v e r t e b r a t e  animals under anaerobic  condi t ions i s  caused by a 

d i s r u p t i o n  of  osmoregulation (Vinberg, 1948).  I n  t h e  case o f  t rophonts  of 

CoZpoda maupasi under cond i t ions  of atmospheric r a r e f a c t i o n  t o  5 mm Hg, t h e  

rounding and swe l l ing  can a l s o  be  explained by an inc rease  i n  t h e  pe rmeab i l i t y  

of  t h e  organism t o  water and d i s r u p t i o n  o f  osmoregulation. This  i s  i n d i c a t e d  

by t h e  sharp i n c r e a s e  i n  t h e  s i z e  of  t h e  c o n t r a c t i l e  vacuole.  

Data i n  t h e  l i t e r a t u r e  i n d i c a t e  t h a t  a e r a t e d  c e l  Is of  f a c u l t a t i v e  anerobes 

(yeast  organisms, t h e  bacterium Escherichia coZi ,  e t c . )  a r e  more r e s i s t a n t  t o  

severe cooling than t h e  same c e l l s  i n  a medium without oxygen i n  i t  (Rumyants- 

eva,  T r i b i s ,  1965; Nei e t  a.l., 1967) .  Therefore ,  i t  was i n t e r e s t i n g  t o  s tudy 

t h e  r e s i s t a n c e  of Protozoa t o  t h e  process  of  cooling with a ' reduced content  o f  

oxygen i n  the  a i r  and low p res su re  and with t r a c e s  of oxygen i n  t h e  atmosphere 

o f  n i t r o g e n ,  e s p e c i a l l y  s i n c e  a combination o f  low temperatures and a n e g l i b i l e  

content  of oxygen i n  t h e  atmosphere i s  c h a r a c t e r i s t i c  of Martian cond i t ions .  
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The experiments showed t h a t  an i n s i g n i f i c a n t  oxygen content  and low 

p r e s s u r e  have almost no effect  on t h e  resistance o f  t h e  i n f u s o r i a  CoZpoda 
maupasi t o  severe cooling. 

The a b i l i t y  of  ae rob ic  i n f u s o r i a  t o  e x i s t  and mul t ip ly  a t  a very low 

atmospheric p r e s s u r e ,  with t h e  atmosphere con ta in ing  a n e g l i g i b l e  amount of 

oxygen, under condi t ions o f  sha rp  d i u r n a l  v a r i a t i o n s  and temperature ,  t h e  

a b i l i t y  t o  r a p i d l y  change from t h e  a c t i v e  s t a t e  t o  a dormant s t a t e  and v i c e  

ve r sa ,  t h e  r e s i s t a n c e  of  t h e  dormant c y s t s  t o  severe cool ing and f r e e z i n g ,  

as we l l  as drying,  t h e  high r e s i s t a n c e  t o  u l t r a v i o l e t  r ays  a l l  i n d i c a t e  t h a t  

t h e  phys ica l  condi t ions on t h e  p l a n e t  Mars do not  exclude t h e  p o s s i b i l i t y  o f  

u n i c e l l u l a r  animals e x i s t i n g  t h e r e .  

I n  conjunction with t h e  small s i z e  o f  c e r t a i n  u n i c e l l u l a r  and mul t i -  /96 
c e l l u l a r  animals,  i t  i s  n o t  impossible t h a t  they could be t r a n s f e r r e d  ( l i k e  

microorganisms) t o  o t h e r  p l a n e t s  i n  t h e  event of i n s u f f i c i e n t  a t t e n t i o n  being 

given t o  measures f o r  s t e r i l i z a t i o n  of  s p a c e c r a f t .  

Con c 1 us ions 

1. Aerobic i n f u s o r i a  (CoZpoda maupasi) may l i v e  and mul t ip ly  a t  atmos- 

p h e r i c  p re s su re  from 45 t o  15 mm Hg i n  an atmosphere of  a i r  o r  n i t r o g e n ,  

containing 1 o r  0.0005% oxygen. The rate of d i v i s i o n  a t  a p r e s s u r e  of  15 mm 

Hg i s  reduced. When t h e  a i r  o r  n i t r o g e n  i s  r a r e f i e d  t o  10 mm Hg, t h e r e  i s  a 

considerable  decrease i n  t h e  s u r v i v a l  r a t e  of  t h e  t rophonts  and an absence of 

m u l t i p l i c a t i o n ;  a t  5 mm Hg, a l l  o f  t h e  animals w i l l  d i e .  The dormant c y s t s  

w i l l  s u rv ive  a t  t hese  p r e s s u r e s ,  but  t h e  animals can excyst  only a t  atmospheric 

r a r e f a c t i o n s  above 15 mm Hg. 

2 .  I n  a s p e c i a l  vacuum chamber, t h e  “pho tos t a t ” ,  i n  which a c losed atmos- 

phere was c rea t ed  during an experiment l a s t i n g  s e v e r a l  days’ and i n  which low 

p res su re  was maintained au tomat i ca l ly ,  i n f u s o r i a  m u l t i p l i e d  and excysted not 

only a t  p re s su res  of  10 t o  15 mm Hg, b u t  even a t  5 mm Hg i n  a i r  o r  n i t rogen  

with add i t ion  of  1 and 0.0005% oxygen. 

3 .  Dormant c y s t s  of CoZpoda maupasi i n  a l i q u i d  medium can withstand 

seve re  cooling t o  - 79 and - 196” under condi t ions of slow cool ing.  

114 



4 .  Resis tance t o  severe cooling of  c y s t s  under condi t ions of r a r e f a c t i o n  

o f  t h e  a i r  t o  5 mm Hg i s  no less than at  normal atmospheric p re s su re .  
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INFLUENCE OF A SET OF EXTREMAL FACTORS ON BIOLOGICALLY ACTIVE SUBSTANCES 

Y e .  V. Belikova, G .  S.  Komolova and I .  A .  Yegorov 

ABSTRACT. 
e x i s t i n g  on Mars and on Earth are reviewed. Martian con- 
d i t i o n s  are s imulated and t h e i r  i n f luence  on p r o t e i n s  i s  
examined us ing  RNA-ase as an example. P a r t i c u l a r  a t t e n t i o n  
i s  given t o  t h e  effect  o f  low temperatures and s t r o n g  u l t r a -  
v i o l e t  r a d i a t i o n .  

P r i n c i p a l  d i f f e r e n c e s  between phys ica l  cond i t ions  

The condi t ions of  a medium which go beyond t h e  l i m i t s  t h a t  are normal f o r  

t h e  organism are c a l l e d  extrema1 (Lozina-Lozinskiy, 1966). They inc lude  low 

and u l t r a low temperatures ,  high and low p r e s s u r e s ,  doses of i o n i z i n g  and 

u l t r a v i o l e t  r a d i a t i o n  t h a t  exceed t h e  n a t u r a l  background. 

f luence  o f  t h e s e  f a c t o r s  on the  organism, t h e  c e l l ,  i t s  components and 

b i o l o g i c a l l y  important  substances i s  of p a r t i c u l a r  i n t e r e s t  f o r  recognizing 

t h e  boundaries o f  l i f e  and so lv ing  t h e  ques t ion  o f  i t s  propagation beyond t h e  

l i m i t s  of t h e  Ea r th .  

A s tudy of  t h e  i n -  

O f  a l l  t he  p l a n e t s  i n  t h e  S o l a r  System, Mars i s  most similar t o  Earth and 

is  t h e r e f o r e  most s u i t a b l e  f o r  development of  l i f e .  

The p r i n c i p a l  d i f f e rences  i n  t h e  phys ica l  cond i t ions  on Mars from those  on 

Earth a r e  t h e  fol lowing : 

1) much h ighe r  u l t r a v i o l e t  r a d i a t i o n  with wave lengths  o f  200-300 nm; 

2) lower temperature and sharp changes i n  t h e  course o f  a day; 3) lack of  

oxygen i n  the  atmosphere; 4) an atmospheric p r e s s u r e  o f  0 .01 a t m ,  according t o  

d a t a  obtained by t h e  "Mariner"; 5) i n s i g n i f i c a n t  content  of f r e e  wa te r .  

I n  t h i s  paper ,  w e  have d e a l t  with t h e  e f f e c t  o f  t hese  f a c t o r s  on a pro-  

t e i n  with a well-known s t r u c t u r e  -- t h e  enzyme RNA-ase. We s t u d i e d  t h e  manner 

i n  which i t  i s  a f f e c t e d  by low temperatures as  we l l  as u l t r a v i o l e t  r a d i a t i o n  

i n  conjunction with o t h e r  f a c t o r s  (temperature , p r e s s u r e ,  gas composition, 

s o l v e n t ) .  
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I Ill 

The d a t a  w e  obtained on t h e  b i o l o g i c a l  e f f e c t i v e n e s s  of  t h e  a c t i o n  of 

u l t r a v i o l e t  l i g h t  i s  a func t ion  of  t h e  a t t endan t  f a c t o r s  w a s  t hen  t e s t e d  under 

simulated Martian cond i t ions .  

Method - / 9 8  

I n  t h e  experiments,  w e  used a c r y s t a l l i n e  p r e p a r a t i o n  of RNA-ase from t h e  

firm o f  Reanal (Hungary). 

b a s i s  of  i t s  b i o l o g i c a l  a c t i v i t y  determined spec t ropho tomet r i ca l ly  according t o  

Anfinsen e t  a l . ,  (1954), 

The a c t i v i t y  of  t h e  enzyme was eva lua ted  on t h e  

To c l a r i f y  t h e  n a t u r e  of  t h e  changes i n  t h e  molecule of t h e  enzyme under 

t h e  in f luence  of low temperatures ,  s o l u t i o n s  of RNA-ase were s t u d i e d  on an 

osc i l l og raph ic  automatical ly  recording polarograph (P-04). 

Experimental s o l u t i o n s  were prepared i n  doubly d i s t i l l e d  water  o r  mixtures 

of water with g lyce r ine ,  with t h e  content  o f  t h e  l a t t e r  varying from 60 t o  99% 

( i n  volume). The concentrat ion of  t h e  enzyme i n  t h e  i n v e s t i g a t e d  s o l u t i o n s  

amounted t o  2 mg %. 

The s o l u t i o n s  were f rozen  i n  volumes of 1 m l  a t  temperatures of -30, 

-70, -189 and -269". The f i r s t  two temperatures were a t t a i n e d  i n  t h e  

u l t r a the rmos ta t  (U-6), which i s  capable of ensu r ing  a t t a inmen t  of low temperatures .  

To f r eeze  t h e  s o l u t i o n s  a t  u l t r a l o w  temperatures of  -196 and -269', t h e  

samples were placed i n  l i q u i d  n i t rogen  o r  helium, r e s p e c t i v e l y .  Samples were 

thawed i n  a i r  a t  a temperature of  20" i n  30 minutes (slow thawing).  

The s o l u t i o n s  were i r r a d i a t e d  with i n t e g r a l  sources  of u l t r a v i o l e t  

r a d i a t i o n  - -  t h e  PRK-2 and SVD-120A lamps. The i n t e n s i t y  of t h e  u l t r a v i o l e t  

r a d i a t i o n  ( A  = 240-300 nm), as determined by t h e  UFI-65 dosimeter ,  amounted t o  

l .103 ergs/cm2/sec and 1 3 ~ 1 0 ~  ergs/cm2/sec f o r  t h e  PRK-2 and SVD-120A lamps, 

r e s p e c t i v e l y ,  a t  t h e  p o i n t s  where t h e  samples were exposed. 

In experiments involving t h e  s tudy of t h e  in f luence  of  t h e  temperature o f  

enzyme s o l u t i o n s  on t h e i r  r e s i s t a n c e  t o  u l t r a v i o l e t  r a d i a t i o n ,  exposure was 

performed i n  a temperature range from +10 t o  -180". 

A t  u l t r a low temperatures , t h e  s o l u t i o n s  were i r r a d i a t e d  i n  a c r y o s t a t  

( b u i l t  i n  t h e  GDR) wi th  t h e  a i d  o f  a s p e c i a l  device which w e  b u i l t .  
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The complex o f  Martian condi t ions -- c h a r a c t e r i s t i c  v a r i a t i o n s  of  tempera- 

t u r e ,  i n s o l a t i o n ,  p re s su re  and s p e c i f i c  gas composition were produced i n  a 

chamber r e f e r r e d  t o  as t h e  " a r t i f i c i a l  Mars", which was b u i l t  i n  our labora- 

t o r y .  

performed according t o  values  t h a t  are given below on t h e  b a s i s  of d a t a  re- 

garding the  temperature on Mars (Vokuler, 1956; K l io re  e t  a l .  , 1965). This 

d a i l y  temperature program provides  a good r e f l e c t i o n  o f  t h e  b a s i c  character-  

i s t i c s  o f  t h e  Martian temperature - -  i t s  low values  (as  low as -64") and 

considerable  d a i l y  v a r i a t i o n s  (92'). The source of  u l t r a v i o l e t  l i g h t  i n  t h e  

chamber was a PRK-2 lamp. 

The change of temperature i n  t h e  chamber during t h e  course o f  a day was 

The d i u r n a l  cycle  o f  i l l umina t ion  was provided by an automatic device 

(KEP-12U). According t o  the  d a t a  obtained with t h e  "Mariner", t h e  i n t e n s i t y  

of  t h e  u l t r a v i o l e t  l i g h t  a t  some d i s t a n c e  from Mars i n  t h e  wave length region 

from 240 t o  280 nm was given a value of  2-103 ergs/cm2/sec (Horowitz, 1966). 

- /99 

I n  our experiments,  the i n t e n s i t y  of  t he  UV i n  t h e  same region of t h e  

spectrum a t  t he  p o i n t s  where t h e  samples were exposed i n  t h e  " a r t i f i c i a l  Mars" 

chamber was equal t o  1 -103  ergs/cm2/sec. 

when it  was 0600 hours on t h e  " a r t i f i c i a l  p l ane t "  and switched o f f  1 2  hours  

l a te r .  

The source o f  UV-rays was switched on 

An atmosphere of  d i f f e r e n t  composition could be c rea t ed  i n  t h e  chamber 

(pressure up t o  0 . 0 1  atm) . 
mixing tank and f ed  i n t o  t h e  chamber from t h e  l a t t e r  a f t e r  t h e  a i r  had been 

removed. 

an automatic system o f  manometers and mercury r e l a y s .  

The gas mixture was prepared be fo re  hand i n  a 

The r e g u l a t i o n  of t h e  gas p re s su re  i n  t h e  chamber was performed by 

In  t h i s  s tudy ,  t h e  gas p re s su re  i n  t h e  chamber was 0 . 1  atm. Gaseous 

n i t rogen  was c a r e f u l l y  scrubbed of oxygen by passing it through a system of 

absorbers .  

The chamber was s e a l e d  a f t e r  t h e  v e s s e l s  were placed i n  i t  and t h e  a i r  was 

pumped o u t .  A s  soon as t h e  p r e s s u r e  i n  t h e  chamber reached 0 . 1  atm, n i t rogen  

was admitted t o  it u n t i l  t h e  f i n a l  p r e s s u r e  equal t o  1 a t m  was reached. Then 

t h e  gas was removed and t h e  chamber was r e f i l l e d  with a new batch of n i t rogen .  

This procedure,  "washing ou t  of  t h e  chamber," was performed f o u r  times. 

119 



As soon as t h e  f i n a l  gas p re s su re  of  1 atm was e s t a b l i s h e d  i n  t h e  chamber, 

t h e  temperature r e g u l a t i n g  system was switched on. 

on as soon as t h e  d e s i r e d  temperature was reached i n  t h e  chamber. 

The UV source was switched 

The samples t h a t  were subjected t o  t h e  in f luence  of Martian cond i t ions  

without i r r a d i a t i o n  were placed i n  t h e  chamber toge the r  with those  t h a t  were 

i r r a d i a t e d  bu t  i n  g l a s s  t e s t  tubes and i n  con ta ine r s  made of aluminum f o i l .  

Resul ts  and The i r  Evaluation 
_____e 

Low temperatures do n o t  have as much of an e f f e c t  on enzymes as do high 

ones. Usually t h e  changes t h a t  are caused by low temperatures i n  a molecule 

of enzyme a r e  r e v e r s i b l e  and i n  t h e  case o f  a s i n g l e  f r e e z i n g  t h e  i s o l a t e d  

enzymes can be s t o r e d  f o r  a long pe r iod  of time without i n a c t i v a t i o n  a t  u l t r a -  

low temperatures.  

of  enzyme s o l u t i o n s ,  many of  them are i n a c t i v a t e d  (Kiermier, 1958; Shikama, 

Yamasaki, 1961). We d i d  no t  f i n d  any d a t a  on t h e  in f luence  of low tempera- 

t u r e s  upon RNA-ase . 

We know, however, t h a t  with repeated f r e e z i n g  and thawing 

Experiments dea l ing  with the  e f f e c t  of  var ious temperatures on s o l u t i o n s  

of RNA-ase were performed with s i n g l e  o r  repeated f r e e z i n g ,  keeping t h e  

s o l u t i o n s  i n  t h i s  s t a t e  f o r  var ious per iods of time and then thawing them 

s lowly. 

The study of  t h e  enzyme s o l u t i o n s  t h a t  were frozen a t  temperatures of / 100 

-30, -70, -196 and -269" showed t h a t  t h e i r  being kept  a t  t h e s e  tempera- 

t u r e s  f o r  long per iods of  time (from 1 hour t o  7 days) had no e f f e c t  on the  

a c t i v i t y  o f  t h e  enzyme following thawing. 

Other r e s u l t s  were obtained with mul t ip l e  f r eez ing  of  t h e  i n v e s t i g a t e d  

s o l u t i o n s .  Below w e  have l i s t e d  d a t a  on t h e  a c t i v i t y  of t h e  enzyme ( i n  %, 

as  an average of  f o u r  p a r a l l e l  experiments) with f i v e f o l d  f r e e z i n g  and thaw- 

ing  of s o l u t i o n s  of  RNA-ase i n  water and i n  g lyce r ine .  

Temperature, "C I n  Water I n  Glycerine (60% ,V) 

- 30 82 100 
- 76 100 100 

- 196 73 100 
- 269 71 100 

Note. Enzyme a c t i v i t y  of s o l u t i o n s  of RNA-ase p r i o r  t o  exposure was taken as 
100%. 
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From these  r e s u l t s  it fo l lows  t h a t  f r eez ing  of s o l u t i o n s  a t  u l t r a low 

temperatures (-196 and -269) leads  t o  i n a c t i v a t i o n  o f  30% of t h e  enzymes, 
This e f f e c t  a l s o  t akes  p l a c e  a t  - 3 0 ° ,  but  i s  absent  a t  -76O. The dependence 

o f  t h e  e f f e c t  on temperature  obviously has  something t o  do wi th  t h e  d i f f e r e n t  

s t r u c t u r e  o f  i c e ,  t h e  na tu re  o f  t h e  formation o f  which i s  determined by t h e  

rate and temperature of f r e e z i n g  (Blackman, L i sga r t en ,  1957).  

I t  fol lows from t h e  average d a t a  from f ive  p a r a l l e l  experiments l i s t e d  
below t h a t  i n a c t i v a t i o n  of t h e  enzyme inc reases  with inc reas ing  number 

o f  f reez ings  o f  t h e  s o l u t i o n  a t  -196" with subsequent slow thawing. 

No. o f  Exposures I n a c t i v a t i o n  , % 

1 
3 
5 

10 
15 

0 
2 1  
29 
41 
75 

To determine t h e  n a t u r e  of t h e  dena tura t ion  o f  RNA-ase with repea ted  

f r eez ing  and thawing, we performed polarographic  i n v e s t i g a t i o n  of a s o l u t i o n  

of  enzymes fol lowing t e n f o l d  exposure.  

p r o t e i n  concent ra t ion  equal  t o  0.25 mg/ml, w e  ob ta ined  t y p i c a l  double "pro- 
t e i n  waves" f o r  RNA-ase , whose p r i n c i p a l  c h a r a c t e r i s t i c s  - - the  he igh t  of  

In  Braichka r eagen t ,  with a f i n a l  

t h e  phases (hl and h2) and t h e  p o t e n t i a l s  of t h e  half-waves (E and E2) --are / l o 1  
1 - 

l i s t e d  below. 

Parameters P r i o r  t o  
E xp os  ure  

1.43 

11.0 

100 

1.64 

13.3 

100 

Tenfold f r e e z i n g  t o  -196" 
and Thawing a t  +20°  

1 .43  

5.0 

45 

1.64 

5 . 5  

41 

From t h e  r e s u l t s  t h a t  have been presented  on t h e  in f luence  of  mul t ip l e  

f r eez ing  and thawing of a s o l u t i o n  of RNA-ase, i t  i s  c l e a r  t h a t  as  a r e s u l t  of 

f r eez ing  and thawing t h e  he igh t  o f  t h e  f irst  and second phases  of t h e  polaro-  

graphic  wave a r e  considerably decreased,  bu t  t h e  p o t e n t i a l s  of t h e  half-waves 

remain unchanged. 

1 2 1  



The decrease i n  t h e  polarographic  wave as  a whole without  changing t h e  

r educ t ion  p o t e n t i a l s  may have something t o  do with t h e  l o s s  of s o l u b i l i t y  and 

t h e  p r e c i p i t a t i o n  o f  a p o r t i o n  of t h e  denatured p r o t e i n  without  a change i n  

t h e  polarographic  a c t i v i t y  o f  t h e  p r o t e i n  i n  t h e  d isso lved  f r a c t i o n  (Ivanov, 

1961) . 
The effect  of i n a c t i v a t i o n  through mul t ip l e  f r eez ing  may be  removed i f  

substances t h a t  prevent  c r y s t a l l i z a t i o n  of water  a r e  added t o  t h e  enzyme 

s o l u t i o n .  Such substances may b e ,  f o r  example, polyatomic a l coho l s .  We know 

t h a t  with a 60% (V) content  o f  g lyce r ine  i n  s o l u t i o n ,  c r y s t a l l i z a t i o n  of 

water  can be prevented.  

A s  fol lows from t h e  r e s u l t s ,  l i s t e d  on page 1 2 1 ,  mu l t ip l e  f r e e z i n g  of 

g lyce r in i zed  s o l u t i o n s  of  RNA-ase a t  t h e  temperatures  i n  ques t ion  d i d  n o t  lead  

t o  a l o s s  of  enzymatic a c t i v i t y .  

I t  i s  no accident  t h a t  p r o t e c t i o n  of c e r t a i n  t e r r e s t r i a l  organisms 

aga ins t  t h e  harmful e f f e c t s  of  low temperatures i s  accomplished with the  a i d  

o f  g lyce r ine  found i n  t h e  t i s s u e s  (Takehara, Asahina, 1960).  The p o s s i b i l i t y  

cannot be excluded t h a t  a s i m i l a r  mechanism of  p r o t e c t i o n  aga ins t  cold can be  

found i n  Martian organisms, e s p e c i a l l y  s i n c e  i n  t h e  absence of  water  polyatomic 

a lcohols  could p a r t l y  or  completely f u l f i l l  t h e  func t ion  o f  a b i o l o g i c a l  

s o l v e n t .  

We a l s o  s tud ied  t h e  e f f e c t  of  temperature condi t ions on Mars on t h e  re- 

t e n t i o n  of  a c t i v i t y  of enzymes i n  water  and g lycer ine  s o l u t i o n s .  The r e s u l t s  

of  t hese  s t u d i e s  (averages from four  p a r a l l e l  experiments) a r e  presented  i n  

Table 1. 

Below we have l i s t e d  analogous d a t a  on t h e  a c t i v i t y  ( i n  %) of s o l u t i o n s  of 

RNA-ase fol lowing s t o r a g e  of samples a t  a temperature of 4'. 

t hese  d a t a  (page 121) w i l l  show t h a t  t h e  i n s i g n i f i c a n t  decrease  i n  t h e  a c t i v i t y  

of t h e  enzyme which i s  observed under condi t ions which s imula te  t h e  d iu rna l  

v a r i a t i o n s  of temperature  on Mars was s l i g h t l y  l e s s  than i n  t h e  s o l u t i o n s  t h a t  

were kept  f o r  t h e  same pe r iod  of  t ime a t  a constant  temperature  of 4'. 

g lyce r ine  s o l u t i o n s ,  t h e  enzyme a c t i v i t y  d id  no t  change i n  e i t h e r  of  t h e  cases 

i n  ques t ion .  

A comparison of 

In  
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TABLE 1. ENZYME ACTIVITY OF SOLUTIONS OF RNA-ase FOLLOWING THEIR 
STORAGE UNDER CONDITIONS SIMULATING DIURNAL TEMPERATURE VARIATIONS 

ON MARS 
_ _  . 

Martian time ,] 
1 zoo 
1300 
1400 
1800 
0000 
0600 
1200 

_- Hours - - 

~ _ .  - . . . 

Temperature , "C 
- -  . .  .. - 

+ 26 
+28 
+ 14 
- 15 
- 35 
-60 
+ 26 

- -__ -__ L - : - - ,Ac t iv i ty , ,% 
1 Of Water I--- Of Glycerine (60,V) 

. -~ . 

100 
100 
99.4 
99.2 
98.6 
98.4 
98.0 

-.- ~ - 

100 
100 
100 
100 
100 
100 
100 

Exposure, I n  In  g l y c e r i n e  Exposure, I n  I n  g lyce r ine  
Hours Water ( 6 0 % ,  V) Hours Water (60%, V) 

0 100 100 1 2  96.1 100 
1 100 100 18 95 .o 100 
3 99.6 100 24 92.9 100 
6 98.3 100 

These d a t a  i n d i c a t e  t h a t  sha rp  d i u r n a l  v a r i a t i o n s  of temperature on Mars 

and the  low temperature (down t o  - 6 0 ' )  do not  have an i n a c t i v a t i n g  e f f e c t  on 

t h e  enzyme. 

The u l t r a v i o l e t  r a d i a t i o n  a t  h = 300 nm denatures  p r o t e i n .  The e f f e c t  of 

u l t r a v i o l e t  on RNA-ase i s  we l l  known (McLaren, 1949; Mueller,  1966a, b ) .  This 

p r o t e i n ,  which contains  c y s t i n e ,  i s  most s e n s i t i v e  t o  u l t r a v i o l e t  l i g h t  a t  

h = 250 nm (maximum abso rp t ion  of  c y s t i n e ) .  Under t h e  in f luence  of u l t r a v i o l e t  

l i g h t ,  t h e r e  i s  an i r r e v e r s i b l e  denatur ing of  RNA-ase, accompanied by a l o s s  o f  

b i o l o g i c a l  a c t i v i t y  and a change i n  the  physical-chemical and o p t i c a l  pro- 

p e r t i e s  of  t h e  p r o t e i n  molecule ,  

Under t h e  in f luence  of  u l t r a v i o l e t  l i g h t ,  w e  s t u d i e d  t h e  in f luence  o f  t h e  

following f a c t o r s  on t h e  i n a c t i v a t i o n  of RNA-ase: temperature , pressure , 
absence of oxygen, presence of g lyce r ine  i n  s o l u t i o n .  

1 The use o f  g lyce r ine  as a s o l v e n t  made it p o s s i b l e  t o  i r r a d i a t e  t h e  so lu -  - 
t i o n s  o f  RNA-ase a t  low temperatures i n  t h e  form of " t r anspa ren t  gumdrops" and 

t o  avoid considerable  evaporat ion of l i q u i d  with decreasing p res su re .  

3 
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The d a t a  (averaged from t h r e e  experiments) on t h e  i n a c t i v a t i o n  o f  RNA-ase 

( i n  %) during i r r a d i a t i o n  of t h e  l a t t e r  i n  g lyce r ine  s o l u t i o n s  (99% g lyce r ine  

+ 1% water)  wi th  u l t r a v i o l e t  l i g h t  (from a SVD-120A lamp) a t  var ious  tempera- 

t u r e s  a re  l i s t e d  below. 

Temperature, Residual A c t i v i t y  ( i n  %) Temperature, Residual  A c t i v i t y  ( i n  %) 
O C  with a UV Dose ( i n  O C  with a UV Dose ( i n  

e r g /  cm2) e rg /  cm2) 

+10 47 0 - 80 66 8 
0 50 0 -100 88 22 

-10 53 0 -130 100 37 
-30 49 0 -180 100 44 
-50 51 0 

These r e s u l t s  demonstrate t h e  i n t e r e s t i n g  f a c t  t h a t  t h e  effect  of r a d i -  

a t i o n  depends on temperature ,  beginning approximately a t  -80". 

va lue ,  t h e  i n i t i a l  photochemical e f f e c t  of i r r a d i a t i o n  o f  t h e  enzyme weakens 

with decreas ing  temperature  of t h e  i r r a d i a t e d  s o l u t i o n .  

an inc rease  i n  t h e  temperature  from -80 t o  + l o o  d i d  n o t  cause a change i n  t h e  

r e s i s t a n c e  of  RNA-ase t o  UV-rays. The f a c t  t h a t  temperatures  above zero had no 

e f f e c t  on t h e  i n a c t i v a t i o n  of  t h e  enzyme by i r r a d i a t i o n  i s  explained by t h e  

fact  t h a t  RNA-ase i s  h igh ly  temperature  s t a b l e .  

Below t h i s  

On t h e  o t h e r  hand, 

A s  far  as t h e  inc rease  i n  t h e  r e s i s t a n c e  o f  t h e  enzyme t o  u l t r a v i o l e t  with 

decreasing temperature i s  concerned, t h i s  may have something t o  do with an 

inc rease  i n  t h e  number o f  molecules t h a t  a r e  i n  a r e l a t i v e l y  s t a b l e  s t a t e .  The 

energy which they absorb i s  not  consumed i n  a s s o c i a t i o n ,  b u t  i s  l o s t  through 

phosphorescence (Setlow, Po l l a rd ,  1964) . 
We have l i s t e d  below d a t a  which r ep resen t  t h e  average va lues  from four  

p a r a l l e l  experiments on t h e  i n a c t i v a t i o n  of RNA-ase ( i n  a 99% s o l u t i o n  o f  

g lycer ine)  under t h e  in f luence  of u l t r a v i o l e t  l i g h t  i n  an atmosphere of a i r  

and n i t rogen  a t  p re s su res  of  0 .1  and 1 atm ( temperature  0 " ) .  
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Pressure ,  a t m  . 

A i r  
1 
0.1 

1 
0 .1  

Nitrogen 

Residual A c t i v i t y  ( i n  %) 
with a dose of  W i n  (erg/cm2) 

14-106 
61.5 
59.8 

62.2 
61.6 

22-106 
39.8 
40.1 

39 .O 
37.9 

I t  fol lows from these  r e s u l t s  t h a t  tlie effect  of i n a c t i v a t i o n  of t h e  / l o 4  

enzyme had nothing t o  do wi th  whether i r r a d i a t i o n  took p lace  i n  t h e  absence of  

oxygen (n i t rogen  atmosphere) o r  i n  t h e  presence o f  oxygen (atmosphere of  a i r ) .  

The effect  of u l t r a v i o l e t  on t h e  so lu t ions  of enzymes a l s o  had noth ing  t o  do 

with t h e  gas p re s su re  above t h e  s o l u t i o n  (within l i m i t s  from 0 .1  t o  1 atm).  

I n  t h e  fol lowing series of experiments ,  s o l u t i o n s  of RNA-ase were t e s t e d  

under s imulated Martian cond i t ions .  Table 2 l i s t s  t h e  d a t a  from an ana lys i s  of  

aqueous and g lyce r ine  s o l u t i o n s  of RNA-ase, which were exposed f o r  var ious  

per iods  o f  time i n  t h e  " a r t i f i c i a l  Mars'' chamber, where the  t o t a l  complex of  

Martian condi t ions  was maintained a s  much as poss ib l e :  t h e  i n t e n s i t y  o f  t h e  
u l t r a v i o l e t  i n  t h e  range from A = 240 t o  A = 300 nm amounted t o  1*105 ergs/cm2/ 

s e c ,  t h e  gas w a s  n i t rogen ,  and t h e  temperature va r i ed  dur ing  t h e  i n v e s t i g a t e d  

time i n t e r v a l s  from + 26 t o  - 60". 

TABLE 2 .  CHANGE IN RNA-ASE ACTIVITY ON EXPOSING SOLUTIONS 
OF IT I N  THE l l A R T I F I C i A L  MARS" CHAMBER. 

I 
Exposure, Temperature 1 UV ?;e 

h r s  C "  -10 e rgs /  

0.4 -60 9 
1 36 

72 
108 
2 16 
432 

2 
3 
6 

1 2  
18 - .- I ; ]  - - - - - - . . --- 

I A c t i v i t y  ( in%)  
--__ 

Water 

- .  ~. 

69.8  
50.6 
15 .3  

0 
0 
0 
0 

.~ 

Water and 1 
g lyce r ine  
.- (60%, V) 

100 
100 

82.6 
74.1 
40.8 
4.9 
0 
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From t h e  r e s u l t s  t h a t  were obta ined ,  it fol lows t h a t  af ter  on ly  one hour  

o f  exposure of  aqueous s o l u t i o n s  of  RNA-ase i n  t h e  "a r t i f ic ia l  Mars" chamber, 

50% of t h e  enzyme was i n a c t i v a t e d .  

The add i t ion  of  g lyce r ine  t o  t h e  s o l u t i o n  (up t o  60% by volume) consider-  

ab ly  p ro tec t ed  t h e  enzyme aga ins t  t h e  i n a c t i v a t i n g  effect  o f  u l t r a v i o l e t  

r a d i a t i o n .  

s o l u t i o n  d i d  not  change, bu t  af ter  th ree  hours ,  when a l l  of t h e  enzyme i n  t h e  

aqueous s o l u t i o n  was i n a c t i v a t e d ,  t h e  r e s i d u a l  a c t i v i t y  i n  t h e  g lyce r ine  so lu -  

t i o n  w a s  more than 70%. Consequently, i f  Martian organisms are ab le  t o  form 

polyatomic a lcohols  o f  t h e  g lyce r ine  type i n  t h e  course of t h e i r  metabolism, 

they  not  only can p r o t e c t  t h e  c e l l  aga ins t  t h e  harmful e f f e c t s  of  f r eez ing  and 

thawing but  i n  some cases  can effect a p r o t e c t i v e  func t ion  aga ins t  b r i e f  u l t r a -  

With a one hour exposure,  t h e  enzyme a c t i v i t y  of  t h e  t e s t e d  

v i o l e t  r a d i a t i o n .  S ince  t h e  minimum temperature i n  t h e  " a r t i f i c i a l  Mars" / l o5  

chamber w a s  - 60°, according t o  t h e  d a t a  presented  above on t h e  in f luence  of 

temperature  on t h e  r e s i s t a n c e  of RNA-ase t o  UV rays ,  i t s  i n a c t i v a t i o n  i n  t h e  simu- 

l a t e d  Martian condi t ions  d i d  not  n e c e s s a r i l y  depend on t h e  d i u r n a l  temperature 

v a r i a t i o n s .  A s  a ma t t e r  o f  f a c t ,  as  we can see  from t h e  r e su l t s  t h a t  a r e  

l i s t e d  i n  Table 2 ,  t h e  n a t u r e  o f  t h e  process  of i n a c t i v a t i o n  o f  t h e  enzyme 

exposed i n  t h e  chamber does not  show any s i g n i f i c a n t  dependence on temperature 

with t ime.  

consequent ly ,  of a l l  t h e  f e a t u r e s  making up t h e  complex of  Martian con- 

d i t i o n s  , only u l t r a v i o l e t  r a d i a t i o n  has  an i n a c t i v a t i n g  e f f e c t  on t h e  enzyme 

s t u d i e d .  The absence i n  t h e  atmosphere of oxygen has no e f f e c t  on i t s  a c t i o n ,  

nor  does t h e  p re s su re ,  lower than  t h a t  on Ear th ,  nor  do t h e  temperature  con- 

d i t i o n s  on Mars have any e f f e c t .  

I n  conclusion, t h e  au thors  would l i k e  t o  t ake  t h i s  occasion t o  express  

t h e i r  g r a t i t u d e  t o  t h e i r  s c i e n t i f i c  coworkers, M .  I .  Yakusheva, f o r  t h e  he lp  

she  gave i n  performing t h e  polarographic  s t u d i e s  o f  RNA-ase. 

Conclusions 

1. A s i n g l e  f r eez ing  of s o l u t i o n s  of  RNA-ase a t  low and u l t r a low tempera- 

t u r e s  has no e f f e c t  on t h e  a c t i v i t y  of t he  enzyme fol lowing thawing. 
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2 .  Repeated f r e e z i n g  o f  aqueous s o l u t i o n s  o f  RNA-ase causes i n a c t i v a t i o n  

of t h e  enzyme. The e f f e c t  depends on temperature.  Addition of g lyce r ine  t o  

enzyme s o l u t i o n s  p r o t e c t s  t h e  enzyme aga ins t  i n a c t i v a t i o n .  

3 .  Maintenance of aqueous and g lyce r ine  s o l u t i o n s  o f  RNA-ase under con- 

d i t i o n s  of s imulated d i u r n a l  v a r i a t i o n  o f  temperature on Mars has no e f f e c t  as 

fa r  as i n a c t i v a t i o n  of  t h e  enzyme i s  concerned. 

4 .  U l t r a v i o l e t  r a d i a t i o n  causes i n a c t i v a t i o n  of  RNA-ase. The e f f e c t  has  

nothing t o  do with t h e  p r e s s u r e  of t h e  gas above t h e  enzyme s o l u t i o n  (from 

0.1-1 atm) and t h e  content  o f  oxygen i n  i t .  The i n a c t i v a t i n g  e f f e c t  o f  u l t r a -  

v i o l e t  l i g h t  on t h e  enzyme depends on t h e  i r r a d i a t i o n  temperature .  The e f f e c t  

i s  a t t e n u a t e d  when t h e  temperature drops below - 8 0 " .  

5 .  Under s imulated Martian cond i t ions ,  t h e  i n a c t i v a t i n g  e f f e c t  on RNA-ase 

i s  produced only by u l t r a v i o l e t  l i g h t .  The d i f f e r e n c e s  t h a t  e x i s t  between the  

temperature cond i t ions ,  p r e s s u r e  and oxygen content i n  t h e  atmospheres of t h e  

Earth and Mars have no e f f e c t  on t h e  i n a c t i v a t i o n  of t h e  enzyme under t h e  

in f luence  o f  u l t r a v i o l e t  l i g h t .  Glycerine p r o t e c t s  t h e  enzyme s a t i s f a c t o r i l y  

aga ins t  u l t r a v i o l e t  r a d i a t i o n .  
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EFFECT OF A HIGH VACUUM ON MICROORGANISMS 

A. A .  Imshenetskiy and S .  V .  Lysenko 

ABSTRACT: Experiments designed t o  determine t h e  high-vacuum 
r e s i s t a n c e  of 15 b a c t e r i a  s t r a i n s ,  7 fungus s p e c i e s ,  5 y e a s t  
s t r a i n s  and 5 seaweed species. The s u r v i v a l  r a t e s  a f te r  
72-hour exposures were 100% f o r  BaciZZus mesentericus, Bac. 
mycoides, Bac. megaterim, B.  sinpZex, AspergiZZus oryzae, 
Asp.  terreus and Actinomyces gZobisporus, 52 t o  76% f o r  
BacizZus Zini, Bac. subt iZis ,  Bac. mesentericus niger, 
Micrococcus Zuteus, Micrococcus aurantiacus and Sarcina 
f lava,  22 t o  34% €or Saccharomyces v i n i  and Candida tropi- 
c a l i s ,  and lower pe rcen t  €or Pseudomonas f Zuorescence, 
Serratia marcescence, Vibrio metchnikovii, Zygosaccharo- 
myces u i n i ,  Toru Zopis aeria,  Rhodotom Za rubra, Trichothecim 
rosewn and E. c o l i .  
about 10 nanomillimeters Hg would n o t  o b s t r u c t  t h e  i n t e r -  
p l a n e t a r y  t r a n s p o r t  of  microorganisms i n  o u t e r  space.  

I t  i s  concluded t h a t  a high vacuum of 

The s tudy of t h e  in f luence  o f  t h e  condi t ions e x i s t i n g  i n  o u t e r  space on 

t e r r e s t r i a l  microorganisms i s  one of  t h e  important problems involved i n  space 

b io logy .  O f  course,  t h i s  i s  only a p a r t  of t h e  whole problem involved i n  t h e  

s tudy  of space which has been performed s u c c e s s f u l l y  i n  r ecen t  years  by means 

of a r t i f i c i a l  Earth s a t e l l i t e s  and s p a c e c r a f t .  

I n  a d d i t i o n  t o  t h e  gene ra l  t h e o r e t i c a l  i n t e r e s t  t h a t  e x i s t s ,  t h e  e f f e c t  

of extrema1 f a c t o r s  a l s o  has  a p r a c t i c a l  s i g n i f i c a n c e ,  s i n c e  t h e  experimental 

confirmation o f  t h e  death of  microorganisms would render  s t e r i l i z a t i o n  of 

s p  ace c r  a f t unne ces s ary . 
In  space,  a number of phys i ca l  f a c t o r s  ope ra t e  which a r e  missing on Earth 

but  which can a f f e c t  experimental  systems. 

The e f f e c t s  of 'low temperatures ( K e i l i n ,  1958) and i o n i z i n g  r a d i a t i o n  

(Bak, Aleksander, 1963; Imshenetskiy,  1966) on microorganisms has  been s t u d i e d  

more o r  l e s s  and i t  i s  l i k e l y  t h a t  t hese  f a c t o r s  cannot be  t h e  cause of t h e  

death of microorganisms i n  space (Imshenetskiy,  1967).  The g r e a t e s t  danger t o  

microbes i n  space i s  posed by u l t r a v i o l e t  r a y s ,  but  t h e i r  l e t h a l  e f f e c t  can be 

o f f s e t  by s h i e l d i n g  ' t h e  c e l l s  with cosmic d u s t ,  m e t e o r i t e s ,  e t c .  (Imshenetskiy,  

/ l o7  
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1967). On t h e  o t h e r  hand, t h e  effect o f  a high vacuum on microorganisms re- 
mains l i t t l e  s t u d i e d .  This i s  explained both by t h e  nove l ty  o f  t h e  i d e a  and 

t h e  d i f f i c u l t y  of  obtaining a high vacuum c l o s e  t o  t h a t  which e x i s t s  i n  space 

(10-l6mm Hg). 

ExDer imen t a1 S e ct  i on 

Descr ipt ion of  Devices Used i n  t h e  ELSperiments 
. .  - 

~~ -~ 

A t  t h e  p re sen t  t ime, vacuum technology makes it p o s s i b l e  t o  o b t a i n  p re s -  

s u r e s  from l o 3  t o  I t  i s  impossible t o  use  a s i n g l e  

method t o  a t t a i n  such a broad range of p r e s s u r e s ,  s o  t h a t  a combination of 

d i f f e r e n t  types of pumps i s  employed as we l l  as s p e c i a l  absorbers  and t r a p s  

f o r  vapors.  

mm Hg and below. 

Let us examine one of t h e s e  methods which was used i n  c r e a t i n g  t h e  high 

vacuum i n  a cryogenic high-vacuum system (Figure 1 ) .  The high-vacuum cryogenic 

system makes i t  p o s s i b l e  t o  produce and maintain f o r  a long pe r iod  of time a 

p res su re  o f  10-8-10-10 mm Hg by means of  nitrogen-hydrogen condensation pumps. 

The l e v e l  of  t h e  p re s su re  i n  t h e  chamber depends on t h e  gas and hea t  loads 

produced by ob jec t s  l oca t ed  i n  t h e  chamber. 

condensation pump c o n s i s t s  i n  t h e  f a c t  t h a t  t h e  gases loca t ed  i n  a volume 

cannot have a p re s su re  g r e a t e r  than t h e  p re s su re  o f  s a t u r a t e d  vapor a t  t h a t  

temperature.  Hence, t h e i r  p re s su re  i n  t h i s  volume i s  determined by t h e  t e m -  

p e r a t u r e  of t h e  co ldes t  p a r t  under t h e  cond i t ion  t h a t  dynamic equi l ibr ium i s  

maintained throughout t he  volume. By reducing t h e  temperature of  t h i s  a r e a ,  

the gases can be caused t o  condense on i t  ( t t f r e e z e  out") and t h e r e  w i l l  b e  a 

corresponding decrease i n  t h e  t o t a l  p re s su re  owing t o  t h e  reduct ion of t h e  

p a r t i a l  p re s su re  of t h e  condensed gases .  

ready been accomplished i n  the  volume, i . e . ,  i f  t h e  t o t a l  volume o f  gas i s  

comparatively small, s u f f i c i e n t l y  deep cool ing of even a small p a r t  can cause 

the  s i g n i f i c a n t  drop i n  t h e  p re s su re  i n  the  volume i n  q u e s t i o n .  

of t h e  cooled a r e a  determine t h e  r a t e  of evacuation, and t h e  temperature governs 

t h e  u l t ima te  vacuum which can be a t t a i n e d .  To ob ta in  a high vacuum i n  t h e  

chamber, a n i t rogen  condensation pump i s  used which has a temperature of 

-196". 

The ope ra t ing  p r i n c i p l e  o f  t h e  

If  prel iminary r a r e f a c t i o n  has a l -  

The dimensions 

This pump exhausts water  vapor, added o rgan ic  subs t ances ,  C O Z Y  e t c .  

130 



In  add i t ion ,  i t  i s  a l s o  a hea t  s h i e l d  f o r  t h e  hydrogen condensation pump which 

se rves  t o  exhaust t h e  n i t r o g e n  and t h e  oxygen, p r o t e c t i n g  t h e  l a t t e r  aga ins t  

t he  thermal r a d i a t i o n  from t h e  walls of  t h e  chamber. Since t h e  condensation 

pumps expel only t h e  gases which condense on t h e i r  s u r f a c e s ,  d i f f u s i o n  pumps 

a r e  used t o  expel noncondensed gases ( f o r  example, hydrogen o r  helium) which 

simultaneously s e r v e  f o r  p re l imina ry  r a r e f a c t i o n .  They are connected t o  the  

chamber by means of a nozzle .  

f r eez ing  out  t h e  o i l  vapors and connectors with a system of  valves  which make 

i t  p o s s i b l e  t o  e s t a b l i s h  a connection between t h e  chamber and t h e  atmosphere o r  

t o  i n t e r r u p t  exhaust ion while t h e  pumps a r e  working, t o  perform exhaustion 

with mechanical pumps, s h u t t i n g  o f f  t h e  d i f f u s i o n  pumps, o r  t o  accomplish it 

with each of  t he  d i f f u s i o n  pumps i n  sequence. 

- / l o 8  

The l a t t e r  contains  t h e  n i t rogen  t r a p  f o r  

r -5 IS :3 

Figure 1. Diagram of  Vacuum System. 
1, Prevacuum pump, V N - 2 ;  2 ,  Diffusion 
pump N-5; 3 ,  Nitrogen t r a p  ( t r a p  cooled 
by l i q u i d  n i t r o g e n ) ;  4, Body o f  chamber; 
5, Nitrogen sc reen ;  6 ,  Hydrogen pump 
(ergopump, cooled by l i q u i d  hydrogen) ; 
7 ,  S h u t t e r s  cooled by vapors from l i q u i d  
n i t rogen ;  8,  Weighing b o t t l e s ;  9 ,  Lid 
of vacuum chamber; 10, Trap cooled by 
l i q u i d  n i t rogen ;  11 and 12,  Manometric 
s enso r s  LM-2 and IM-11 (MI-12); 
13, Hermetical ly  s e a l e d  i n t a k e ;  14, Dual 
lamps LT-2 and LM-2. 

Ma te r i a l s  and Methods 

S tud ie s  were performed 

with microorganisms belonging 

t o  va r ious  taxonomic groups 

(15 types of b a c t e r i a ,  7 

types of  fung i ,  7 types of 

y e a s t ,  5 types of  water 

p l a n t s ) .  The taxonomic 

p o s i t i o n s  of  t h e s e  spec ie s  w i l l  

be descr ibed l a t e r .  

A 1  1 of t h e  m i  croorgan- 

i s m s  were cu l tu red  on dense 

n u t r i e n t  media - -  meat- 

peptone aga r ,  must-agar, 

Tamiya medium (Tamiya e t  a l . ,  

1953) a f t e r  which aqueous - / 109 

suspensions were prepared 

from t h e  c e l l s  of t h e  

b a c t e r i a  and t h e  y e a s t s  and 

from t h e  spores  of t h e  fungi 

and b a c t e r i a .  We appl ied 

131 

I 



0.05 m l  of  an aqueous suspension o f  microorganisms t o  t h e  s u r f a c e  of  round 

f i l t e r  paper ,  The f i l t e r s  were then placed i n  s t e r i l e  

P e t r i  d i s h e s ,  and t h e  l a t t e r  were then placed i n  a thermostat  f o r  48 hours at 

40" t o  dry t h e  f i l t e r s .  The mycelium of t h e  fung i ,  which d i d  no t  con ta in  

spo res ,  and t h e  water p l a n t s  were placed i n  t h e  form o f  p i eces  o f  biomass on 

membrane f i l t e r s  (No. 3 f i l t e r s )  which were d r i e d  i n  a thermostat  a t  28" f o r  

24  hours .  

10-12 mm i n  diameter.  

The samples obtained i n  t h i s  f a sh ion  were then t r a n s f e r r e d  t o  g l a s s  

weighing b o t t l e s  with ca l c ined  and f i b e r g l a s s - i n s u l a t e d  potassium c h l o r i d e .  

The weighing b o t t l e s  were covered with caps and s e a l e d  with a l a y e r  o f  pa ra f -  

f i n .  

P r i o r  t o  t h e  experiment , t h e  prepared f i l t e r s  were t r a n s f e r r e d  t o  g l a s s  

thin-wal led s t e r i l e  weighing b o t t l e s  and placed i n  opened form on a n i t rogen  

sc reen  i n  a cryogenic high-vacuum chamber. The suspension of nonsporogenous 

b a c t e r i a  was placed on t h e  paper  f i l t e r s  immediately p r i o r  t o  t h e  placement 

of t h e  samples i n  t h e  high-vacuum chamber. During t h e  experiments,  t h e  

temperature o f  t h e  bottoms o f  t h e  weighing b o t t l e s  was -23". 

t h e  experiment was 72 hours .  During t h e  experiment,  t h e  p r e s s u r e  was equal t o  

10-8-10-10 mm Hg. Control samples of t he  f i l t e r s  were s t o r e d  a t  room tempera- 

t u r e  i n  g l a s s  weighing b o t t l e s  over potassium c h l o r i d e .  

experiments t h e  experimental  and con t ro l  f i l t e r s  excluding t h e  membrane 

f i l t e r s  with fungous mycelium and water p l a n t s ,  were placed i n  f lasks  con- 

t a i n i n g  25 m l  of s t e r i l e  t a p  water  and t h e  f i l t e r s  were completely destroyed 

as a r e s u l t  of a g i t a t i o n  of  t h e  f l a s k s .  

The du ra t ion  o f  

A t  t h e  end of  t h e  

The c u l t u r e  ma te r i a l  obtained i n  t h i s  f a sh ion  was used i n  amounts of 

0.05 o r  0 . 1  m l  t o  i n o c u l a t e  P e t r i  d i shes  with meat-peptone aga r  (MPA) o r  

must-agar (MA). 

af ter  which t h e  number of colonies  which had developed both i n  t h e  expe r i -  

mental and con t ro l  samples were counted. 

The P e t r i  d i shes  were kept  i n  a thermostat  a t  28" f o r  72 h r s  

Membrane f i l t e r s  ( con t ro l  and experimental)  were t r a n s f e r r e d  af ter  the  

experiment t oge the r  with t h e  pieces  of  fungous mycelium and water p l a n t s  t o  t h e  

s u r f a c e  of a n u t r i e n t  medium (MA o r  Tamiya medium) , a f t e r  which t h e  P e t r i  
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dishes containing MA were kept  i n  t h e  thermostat  f o r  72 hours a t  28". 

P e t r i  d ishes  containing water p l a n t  samples were placed i n  t h e  thermostat  

(28') exposed t o  day l igh t  and kept  t h e r e  f o r  5 t o  22 days.  
c u l t u r e s  on t h e  membrane f i l ters  was used as an i n d i c a t i o n  o f  t h e  v i a b i l i t y  of  

t h e  fungous mycelium and water p l a n t s .  

Resul ts  of t h e  S tud ie s  

The 

The growth of the 

I n  t h e  first series of experiments,  w e  s t u d i e d  t h e  spo res  o f  b a c t e r i a  

belonging t o  t h e  following s p e c i e s  : Bacil lus  Zini, B .  subt iZ is ,  B .  mesenteri- 
cus, B .  mesentericus var .  niger,  B. rrttjcoides, B .  megaterim,  B .  simpZex. The 

d a t a  from t h e s e  experiments are presented below (experimental  condi t ions : 

P = 10-8-10-10 mm Hg , 72 hours) . 
Microorganism 

Bacillus l in i  
B .  sub t iZ is  
B .  mesentericus 
B .  mesentericus v a r .  niger 
B .  mycoides 
B .  megaterim 
B .  simplex 

Surv iva l ,  % 

57.6 
70 . O  

75.6 
100.8; 84.2 

101.3; 97 
147 
128.0 

I t  i s  apparent from t h e  r e s u l t s  above t h a t  a high vacuum does no t  k i l l  

b a c t e r i a l  spo res ,  s i n c e  the  smallest amount of intergrown spores  was 57.6% 

( B .  Zini)  and the  maximum was 147% ( B .  megateriwn) r e l a t i v e  t o  t h e  c o n t r o l ,  

which was assumed t o  be 100%. The r e s u l t s  obtained i n d i c a t e  t h a t  f o r  t h e  

spores of  c e r t a i n  b a c t e r i a ,  being s i t u a t e d  under condi t ions of a high vacuum 

and low temperature w a s  more favorable  than keeping them a t  room temperature 

and ordinary atmospheric p r e s s u r e .  

The second s e r i e s  of experiments was performed with t h e  following non- 

sporogenous b a c t e r i a :  Micrococcus Zuteus, Micr. aurmt iacus ,  Sarcina f lava, 
Pseudomonas pyocyanea, P. f Zuorescens, Escherichia eo Z i ,  Serra t ia  marcescens 
and Vibrio metchnikovii. 

The r e s u l t s  o f  t h e s e  experiments a r e  p re sen ted  below. 
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Microorganism 

Micrococcus luteus 
M .  aurantiacus 
Sarcina f l ava  
Pseudomonas pyocyanea 
P. f luorescens 
Escherichia eo Z i  
Serrat ia  marcescens 
Vibrio metchnikovii 

Surv iva l ,  % 

55.5 
51.7 
68.5 

0.34 
0 
4.7 
0 
0 

The d a t a  on s u r v i v a l  of  nonsporogenous b a c t e r i a  under a high vacuum 

i n d i c a t e  t h a t  t h e s e  organisms react d i f f e r e n t l y  t o  t h e  a c t i o n  of a high vacuum. 

Thus, i n  t h r e e  spec ie s  (P .  f luorescens,  Serra t ia  marcescens, Vibrio metchni- 
k o v i i )  a l l  o f  t h e  cel ls  d i e d  i n  a high vacuum. 

s p e c i e s  ( P .  pyocyanea, E .  c o l i )  t h e  p r i n c i p a l  mass o f  cel ls  pe r i shed  and only i n  

t h e  coccic  forms (Micr. lu teus ,  M. aurantiacus, Sarmha f l a v a )  d i d  t h e  number 

o f  dead c e l l s  amount t o  l e s s  than 50%. 

I n  t h e  case of two o t h e r  

The following s e r i e s  of  t e s t s  was performed with con id ia ,  spores  and 

mycelium of fungi which d i d  no t  con ta in  s p o r e s .  

M i  croorgani s m  

Chaetomium globosum (mycelium) 
CorioZus pubescens (mycelium) 
Fomes fomentarius (mycelium) 
Aspergi Z Zus oryzae 
A s p .  terreus 
Penici Z Zium wortmanni 
Trichotheeium roseum 
Actinomyces g lob is  porus (s  t rep  tomy cini 1 

S u r v i v a l ,  % 

Growth 
I I  

II 

130.8 
123.9 

31.5 
4 . 4  

128 

These r e s u l t s  i n d i c a t e  t h a t  i n  t h e  case of  Aspergillus oryzae, A .  terreus 
and Actinomyces gZobisporus (streptomycin{) , more v i  ab le  spores  remain under 

vacuum condi t ions than when t h e  organisms are s t o r e d  under l abora to ry  con- 

d i t i o n s .  The conidia  of  PenieilZiwn wortmanni and Trichotheeium rosewn a r e  

l e s s  r e s i s t a n t  t o  vacuum and t h e  percentage of t h e i r  s u r v i v a l  is  31.5 and 4.4,  

r e s p e c t i v e l y .  I n  a d d i t i o n ,  t h e  v e g e t a t i v e  mycelium o f  fungi  which do no t  

contain spores  a l s o  possesses  considerable  r e s i s t a n c e  t o  t h e  e f f e c t  o f  a 

high vacuum. When mycelia of Chaetomium globosum, Fomes fomentarius and 

CorioZus pubescens are exposed t o  a high vacuum, t h e  mycelia of a l l  t h r e e  

forms r e t a i n  t h e i r  v i a b i l i t y  completely. 
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In  a f o u r t h  s e r i e s  o f  tes ts ,  w e  i n v e s t i g a t e d  t h e  r e s i s t a n c e  of y e a s t s  

(Saccharomyces v i n i ,  Zygosaccharomyces v i n i ,  TomZopsis aeria,  Candida 
tropicaZis and RhodotoruZa rubra t o  t h e  a c t i o n  of a high vacuum). 

Microorganism 

Saccharomyces v i n i  
Zygosaccharomyces v i n i  
T o m  Zopsis aeria 
Candida tropicaZis 
RhodotomZa rubra 

Survi'val, % 

25.9; 18.4 
0 .77;  1 .33  
0 ;  0 ;  0.64 
33.54; 33.9 
10; 7 

Only two forms - -  Saccharomyces v i n i  and Candida tropicaZis - -  were 

r e l a t i v e l y  r e s i s t a n t  t o  t h e  a c t i o n  of  t h i s  f a c t o r .  The o t h e r  t h r e e  forms -- 
Zygosaccharomyces v i n i ,  ToruZopsis aeria and RhodotoruZa rubra - -  died ou t  

almost completely when exposed t o  t h e  high vacuum. 

In  t h e  las t  s e r i e s  of  experiments,  we s t u d i e d  t h e  r e l a t i o n s h i p  of  water 

p l a n t s  (ChZoreZZa vulgaris ,  Scenedesmus a m i n a t u s ,  Lyngbya aes tuar i i ,  
MastigoeZadus Zaminosus, Amorphonostoc puneliforme) t o  vacuum. I t  was found / 1 1 2  

t h a t  a f t e r  72 hours spent  i n  a high vacuum, a l l  of  t hese  forms of water 

p l a n t s  remained a l i v e .  However, microscopic examination of t h e  c e l l s  and 

recording of  t h e  time r e q u i r e d  f o r  r e s t o r a t i o n  of  pigment i n  t h e  c e l l s  r evea l -  

ed s e v e r a l  p e c u l i a r i t i e s .  Thus, c e l l s  of  C .  VuZgaris and Lyng .  aestuari i  l o s t  

t h e i r  green co lo r ing  immediately af ter  t r a n s f e r  of  t h e  samples from t h e  high 

vacuum t o  the  s o l i d  n u t r i e n t  medium. 

c o l o r l e s s  mass of c e l l s  of  C. vuZgaris r evea led  ind iv idua l  d i v i d i n g  c e l l s .  

Res to ra t ion  of green c o l o r a t i o n  i n  t h e  c e l l s  was observed on t h e  f i f t h  through 

seventh days.  Af t e r  t h i s  t ime,  t h e r e  were i n d i v i d u a l  green s p o t s  which 

appeared i n  t h e  c o l o r l e s s  mass lying on t h e  membrane f i l t e r .  

green pigment i n  t h e  c u l t u r e  of  L .  aesturtrii took p l a c e  only a f t e r  t h r e e  t o  

f o u r  weeks. Control samples of t h e s e  two forms of water p l a n t s  d i d  no t  l o s e  

t h e i r  green co lo r ing .  The loss  o f  green pigment was a l s o  observed i n  a 

c u l t u r e  of  S. a&natus both i n  t h e  experimental  and c o n t r o l  ba t ches .  

a d d i t i o n ,  t hose  c e l l s  which had been s u b j e c t e d  t o  t h e  a c t i o n  of a high vacuum 
showed s e p t i c i z a t i o n  of  t h e  c h l o r o p l a s t s .  Biosynthesis  o f  t h e  pigments 

took p l a c e  f irst  i n  t h e  c o n t r o l s  and then i n  t h e  experimental  c e l l s .  

However, microscopic examination of t h e  

Res to ra t ion  of 

I n  

S i m i l a r  
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changes were no t  observed when o t h e r  s p e c i e s  of  water p l a n t s  were exposed t o  

a high vacuum (Mastigockdus Zaminosus and Amorphonostoc punc t i fome)  . 
Study of t h e  A c t i v i t y  of- Dehydrogenase . 

I n  s tudying dehydrogenase, we used t h e  formazane r e a c t i o n ,  i n  which t h e  

hydrogen donor was 0.5 M sodium s u c c i n a t e  o r  0.5 M e t h y l  a l coho l ,  while  t h e  

hydrogen accep to r  was 0.5 M s o l u t i o n  of  neotetrazol ium c h l o r i d e .  

were performed with a c u l t u r e  of Azotobacter v ine land i i ,  which was grown i n  

a s o l i d  n u t r i e n t  medium which d i d  not  contain n i t r o g e n  (Frobisher ,  1965). 

Following 72 hours of  c u l t u r i n g  at  2 8 ' ,  phosphate b u f f e r  was added t o  t h e  

P e t r i  dishes  (pH = 6.5-7.2) and t h e  c e l l s  were removed with t h e  a i d  of  a 

magnetic s t i r r e r .  

b u f f e r  with subsequent cen t r i fug ing  (10,000 rpm, 15 minutes) .  The biomass o f  

c e l l s  obtained i n  t h i s  fashion was appl ied i n  a t h i n  l a y e r  t o  t h e  bottom of 

P e t r i  dishes  and t h e  l a t t e r  were d r i e d  i n  a thermostat  a t  28" f o r  24 hours ,  

a f t e r  which t h e  P e t r i  d i shes  were placed on a n i t r o g e n  sc reen  i n  a high 

vacuum chamber. The c e l l s  were under high vacuum f o r  72 hours .  Then t h e  c e l l s  

were resuspended i n  a new ba tch  of  phosphate b u f f e r  u n t i l  an o p t i c a l  dens i ty  

of  0.35 was obtained ( i n  t h e  f i rs t  experiment) and u n t i l  1 . 0 5  was obtained 

( i n  t h e  second experiment),  using t h e  FEK-N-57 and a No. 9 b lue  f i l t e r .  

The s t u d i e s  

The suspension of c e l l s  was washed t h r e e  times i n  phosphate 

The r e s u l t s  of t h e s e  experiments are l i s t e d  below. 

0 . 5  M sodium 
suc c i n a t  e a lcohol  

Suspension 

0.5 M e t h y l  

0.35 0.35 
0.35 0 . 3 5  

Suspension 
1.05 1.05 
1.06 1.06 

Formazane 
0.24 0.119 
0.33 0 .08  

Forma z ane 
0.26 0.12 
0.65 0 . 2 4  

I n  comparing t h e  o p t i c a l  d e n s i t i e s  of formazane i n  t h e  two experiments,  i t  

becomes evident  t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  a c t i v i t y  of 

t h e  succinodehydrogenase and t h e  alcoholodehydrogenase i n  t h e  experiment and 

c o n t r o l s .  The s l i g h t  change i n  o p t i c a l  d e n s i t y  of t h e  formazane may be due 

t o  e r r o r s  i n  the  method. 
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Stud ies  were performed with spores  of  Badllus SGrpleX and cells o f  

Sarcina flava. As was e s t a b l i s h e d  e a r l i e r ,  t h e s e  c u l t u r e s  were d i s t i n g u i s h e d  

by t h e i r  s e n s i t i v i t y  t o  t h e  e f f e c t  of high vacuum. The i n t e n s i t y  of  t h e  

ox ida t ion  processes  i n  t h e s e  microorganisms w a s  determined po la rograph ica l ly  

on t h e  b a s i s  of  t h e  ra te  of u t i l i z a t i o n  o f  oxygen from t h e  s o l u t i o n  (Lysenko, 

1969). 

As t h e  s u b s t r a t e s ,  w e  used e t h y l  a lcohol  and g lucose .  The experiments 

were performed with four-day c u l t u r e s  grown i n  P e t r i  d i s h e s  with a meat- 

peptone agar .  I n  t h e  c u l t u r e  of B .  simplex, t h e  number of  spores  formed was 

nea r ly  100%. The c e l l s  of  S. flava and t h e  spores  of B .  simplex were r in sed  

with n u t r i e n t  medium containing phosphate bu f fe r  , cen t r i fuged  and prepared f o r  

exposure t o  a high vacuum by a method s i m i l a r  t o  t h a t  used f o r  determining 

dehydrogenase. The du ra t ion  of  t h e  experiments under vacuum was 72  hours .  

The temperature of  t h e  bottom of t h e  P e t r i  dishes  during t h e  experiments 

va r i ed  from -25  t o  -35".  

were s t o r e d  a t  20-25"  and atmospheric p r e s s u r e .  

were sub jec t ed  t o  t h e  a c t i o n  of a high vacuum (10-8-10-10 mm Hg) and t h e  

con t ro l s  were then resuspended i n  a new batch of  phosphate b u f f e r  (pH = 

6 . 8 - 7 . 2 )  u n t i l  an o p t i c a l  d e n s i t y  o f  0 .50  was reached (FEK-N-57, No. 9 b lue  

f i l t e r ) .  The oxidat ion processes  i n  S .  f lava  were s t u d i e d  on t h e  second day 

of resuspension,  while  i n  t h e  case o f  B .  simplex t h i s  was done on t h e  t h i r d  

day. The s t u d i e s  of t h e  suspensions were conducted a t  35". 

The c o n t r o l  P e t r i  d i shes  con ta in ing  microorganisms 

The c e l l s ,  both those  t h a t  

Resul ts  Obtained 
. ~ - - -  

The d a t a  on t h e  e f f e c t  of  a high vacuum on the  a c t i v i t y  of t h e  ox ida t ion  

processes  i n  S .  f lava  a r e  shown i n  Figures 2 and 3 .  The curves p l o t t e d  i n  t h e  
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diagrams i l l u s t r a t e  t h e  i n t e n s i t y  o f  absorpt ion of  oxygen by a c u l t u r e  of 

S .  f lava  with the  a d d i t i o n  o f  two d i f f e r e n t  s u b s t r a t e s  t o  t h e  suspension of 

c e l l s  (0 .3  M e t h y l  a lcohol  and 0 . 3  M g lucose ) .  In  both cases ,  fol lowing t h e  

a c t i o n  of a high vacuum, we found a s i g n i f i c a n t  r educ t ion  i n  t h e  absorpt ion of 

oxygen by t h e  s a r c i n a  c e l l s .  A dec rease  i n  t h e  q u a n t i t y  of oxygen absorbed by 
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t h e s e  suspensions was a l s o  d e t e c t e d  i n  c e l l  suspensions which d i d  n o t  contain 

a s p e c i f i c  s u b s t r a t e ,  i . e . ,  w i th  endogenic r e s p i r a t i o n .  

A reduct ion of  t h e  i n t e n s i t y  o f  ox ida t ion  o f  s u b s t r a t e s  i n  experimental  

suspensions may apparent ly  be  explained by i n h i b i t i o n  o r  i n a c t i v a t i o n  o f  t h e  

enzyme systems i n  t h e  case of  cells  of  S. fZaua, caused by a high vacuum. 

I n  t h i s  connection, it was necessary t o  s tudy  t h e  ox ida t ion  a b i l i t y  of 

forms more r e s i s t a n t  t o  t h e  a c t i o n  of a high vacuum. I t  was shown i n  t h e  

preceding chapter  t h a t  spo res  of  B .  sirnpZex which had been placed on t h e  

s u r f a c e  of  f i l t e r  paper and placed under high vacuum of 10-8-10-10 mm Hg f o r  

72 hours r e t a i n e d  t h e i r  v i a b i l i t y  completely.  Figures 4 and 5 show d a t a  on 

t h e  absorpt ion of oxygen by suspensions of spo res  of B .  simplex i n  a medium 

containing 0.15 M e t h y l  a lcohol  and 0.15 M glucose.  The r e s u l t s  obtained 

i n d i c a t e  an i n s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  i n t e n s i t y  of  absorpt ion of oxygen 

i n  the  experimentals and t h e  con t ro l s  during the  f irst  10 minutes.  The 

suspension of c e l l s  i n  e t h y l  a lcohol  showed a much more r a p i d  u t i l i z a t i o n  o f  

oxygen by t h e  c e l l s ,  sub jec t ed  t o  t h e  a c t i o n  of a high vacuum, i n  comparison 

t o  t h e  con t ro l s  (Figure 4 ) .  On t h e  o t h e r  hand, t h e  suspension o f  spores  with 

glucose revealed a more i n t e n s i v e  bonding o f  t h e  oxygen i n  t h e  con t ro l s  

(Figure 5 ) .  

s i o n  o f  spores  i n  phosphate b u f f e r  without s u b s t r a t e  was approximately the  

same i n  both cases  (Figures 4 and 5 ) .  

The amount of oxygen absorbed during t h e  experiment by t h e  suspen- 

Evaluation of  t h e  Resul ts  

The study o f  t he  r e s i s t a n c e  of a number o f  microorganisms belonging t o  

va r ious  sys t ema t i c  groups t o  a high vacuum revealed t h a t  t h e  con id ia  of t he  

genus AspergilZus, t h e  spores  of  actinomycetes as we l l  as some forms of 

b a c t e r i a  (BaeiZZus simple, B .  megaterium) possess  a high l e v e l  of r e s i s t a n c e  

t o  t h i s  f a c t o r .  Obviously t h e s e  microorganisms r e t a i n  t h e i r  v i a b i l i t y  i n  a 

vacuum b e t t e r  a t  c e r t a i n  pe r iods  of  exposure and low temperature than when 

kept i n  l abora to ry  cond i t ions .  
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Figure 2 .  Absorption of  Oxygen by 
C e l l s  o f  Sarcina flava, Subjected 
t o  t h e  Action of  a High Vacuum. 
1, 5 m l  of  c e l l  suspension + 5 m l  
of 0 .3  M e t h y l  a lcohol  (E) ; 
2 ,  5 m l  o f  c e l l  suspension + 5 m l  
of  0 . 3  M e t h y l  a l coho l  (C);  
3 ,  5 m l  of  cel l  suspension + 5 m l  
of phosphate b u f f e r  ( E ) ;  
4 ,  5 m l  of ce l l  suspension + 5 m l  
of  phosphate b u f f e r  (C). 

Figure 4 .  
Spores of Ba&ZlZus simplex, Sub- 
j e c t e d  t o  t h e  Action of  a High 

1, 5 m l  of  spore suspension + 5 m l  
of 0 .3  M e t h y l  a lcohol  (E)  ; 2 ,  5 m l  
of spore suspension + 5 m l  of 0.3 M 
e t h y l  a lcohol  (c) ; 3 ,  5 m l  of  spo re  
suspension + 5 m l  of phosphate 
b u f f e r  ( E ) ;  4 ,  5 m l  o f  spo re  sus-  
pension + 5 m l  of phosphate b u f f e r  

Absorption of Oxygen by 

Vacuum. 

(C) - 

Figure 3 .  
Cells of  Sarcina fZava ,  Subjected 
t o  t h e  Action o f  a High Vacuum. 
1, 5 m l  o f  ce l l  suspension + 5 m l  
of  0 . 3  M glucose ( E ) ;  2 ,  5 m l  of 
c e l l  suspension + 5 m l  o f  0 . 3  M 
glucose (C); 3 ,  5 m l  of  c e l l  sus- 
pension + 5 m l  of phosphate b u f f e r  
(E) ; 4 ,  5 m l  of  cell  suspension + 
5 m l  of  phosphate b u f f e r  ( C ) .  

Absorption o f  Oxygen by 

Figure 5 .  U t i l i z a t i o n  of Oxygen by 
Spores of Bacillus SimpZex, Subjected 
t o  t h e  Action of a High Vacuum. 
1, 5 m l  o f  spore suspension + 5 m l  
of 0.3 M glucose ( E ) ;  2 ,  5 m l  o f  
spore suspension + 5 m l  of 0 . 3  M 
glucose (C) ; 3 ,  5 m l  of  spore sus-  
pension + 5 m l  phosphate b u f f e r  ( E ) ;  
4 ,  5 m l  o f  spore spension + 5 m l  of  
phosphate b u f f e r  ( C ) .  
B = Experimental ,  C = Control .  
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As f a r  as t h e  effects of  a vacuum on nonsporogenous b a c t e r i a ,  y e a s t s ,  /116 

con id ia  of  PeniciZZiwn wortmanni and spores  of  t h e  fungus Trichotheciwn rosewn 
are concerned, a l l  of  t h e s e  tu rned  out  t o  be ve ry  s e n s i t i v e  t o  t h e  effect  o f  

a high vacuum. The only except ions were Micrococcus Zuteus, M .  aurantiacus 
and Sarcina fZava, which could be compared i n  terms of  t h e i r  r e s i s t a n c e  t o  

such sporogenous forms as BaciZZus Zini, B .  subt iZis  and B .  mesenterieus v a r .  

niger.  I t  i s  s t i l l  d i f f i c u l t  t o  speak of  a mechanism of  r e s i s t a n c e  of  

microorganisms t o  a high vacuum. 

have been devoted only t o  confirming t h e  r e s i s t a n c e  o f  microorganisms t o  a 
high vacuum; even then t h e  i n v e s t i g a t o r s  obtained con t r ad ic to ry  r e s u l t s .  

Thus, according t o  t h e  d a t a  of  Portner  e t  a l . ,  (1961), spores  of  BaciZZus 
subt iZ is ,  conidia  of  AspergiZZus fwnigatus as we l l  as c e l l s  of  Mycobacterium 
smegmatis d i d  no t  d i e  i n  a vacuum (3.6.10-10 mm Hg) i n  t h e  course of f i v e  

days. On the  o t h e r  hand, according t o  t h e  d a t a  of  Brueschke e t  a l .  (1961), 

spores of B. s u b t i l i s ,  conidia  of t h e  fung i  A .  niger,  A .  terreus and P.  

ci trinwn perished completely af ter  30 days exposure under vacuum equal  t o  

1*10-6-6-10-9 mm Hg. 

v i a b i l i t y  i n  the case of  microorganisms kept under cond i t ions  of  high vacuum 

requ i r e s  more d e t a i l e d  s t u d i e s .  I t  should be po in ted  o u t ,  however, t h a t  t h e  

important changes, f o r  example mechanical d e s t r u c t i o n  of  c e l l s  o r  changes i n  

t h e  e x t e r i o r  appearance of  t h e  colonies  under t h e  in f luence  o f  a high vacuum 

were not  observed. 

A few papers by Sov ie t  and f o r e i g n  authors  

Obviously t h e  quest ion of  t h e  pe r iods  of r e t e n t i o n  of 

I n  c l a r i f y i n g  t h e  mechanism of  the  a c t i o n  o f  a high vacuum on a c e l l ,  

i t  i s  i n t e r e s t i n g  t o  s tudy c e r t a i n  func t iona l  c h a r a c t e r i s t i c s  of  t h e  micro- 

organisms. I n  t h i s  connection, s t u d i e s  were a l s o  performed t o  c l a r i f y  t h e  

dehydrogenase a c t i v i t y  of  Azotobacter v inelandi i  and t h e  ox ida t ion  func t ions  

i n  B.  simpzex and S .  f l ava  fol lowing t h e i r  exposure t o  a high vacuum. I t  was 

found t h a t  succinodehydrogenase and alcoholodehydrogenase a c t i v i t y  i n  t h e  

experimental  and c o n t r o l  c e l l s  of  A. vineZandii were a t  approximately t h e  

same l e v e l .  The i n t e n s i t y  of t h e  oxidat ion func t ions  i n  microorganisms exposed 

t o  t h e  ac t ion  of  a high vacuum i s  a l s o  q u i t e  h igh .  Thus, i n  t h e  case of 

spores  of B .  simplex we d id  not observe any s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  r a t e  

of oxidat ion of  e t h y l  a lcohol  and glucose e i t h e r  i n  t h e  con t ro l s  o r  i n  t h e  
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experimentals .  

experimental  samples of nonsporogenous c u l t u r e s  o f  S. f l m a :  a f t e r  72 hour  

exposure t o  a h igh  vacuum, about 31% of  t h e  cells  d i ed .  

t h a t  microorganisms no t  only su rv ive  bu t  a l s o  r e t a i n  t h e i r  phys io log ica l  

a c t i v i t y  fol lowing 72 hours  exposure t o  a h igh  vacuum. Consequently, i f  w e  

cons ider  t h e  h igh  r e s i s t a n c e  o f  c e r t a i n  microorganisms t o  t h e  effect of  

i o n i z i n g  r a d i a t i o n ,  temperature ,  u l t r a v i o l e t  rays  as well as t h e  poss ib l e  /117 

s h i e l d i n g  of microbes i n  space aga ins t  u l t r a v i o l e t  r a d i a t i o n  from cosmic dus t ,  

meteor i tes  and Spacecraf t ,  it becomes c l e a r  t h a t  t h e  " t ranspor t"  and "import" 

of  microorganisms through o u t e r  space i s  completely p r a c t i c a l .  The only 

p o s s i b i l i t y  of prevent ing  t r a n s f e r  of  microorganisms t o  space and t o  o t h e r  

p l ane t s  can be accomplished by c a r e f u l  s t e r i l i z a t i o n  o f  s p a c e c r a f t .  

A s l i g h t  decrease i n  oxida t ion  capac i ty  was observed i n  

A l l  o f  t h i s  i n d i c a t e s  

The authors  would l i k e  t o  express  t h e i r  profound g r a t i t u d e  t o  t h e  

Di rec to r  of  t h e  Physical-Technical I n s t i t u t e  of Low Temperatures of  t h e  

Academy of Sciences of t h e  Ukrainian SSR, Corresponding Member of t h e  Academy 

of  Sciences of t h e  Ukrainian SSR, B.  I .  Verkin,  f o r  making it poss ib l e  f o r  us 

t o  car ry  out  our experiments i n  a high vacuum. 

Con c lus ions 

The d a t a  which we obtained make it  poss ib l e  t o  d iv ide  t h e  microorganisms 

which were s t u d i e d  according t o  t h e i r  r e s i s t a n c e  t o  t h e  ac t ion  of  a high 

vacuum i n t o  t h e  fol lowing groups.  

1. Highly r e s i s t a n t  microorganisms with a s u r v i v a l  r a t e  of 100% o r  

more (BaeilZus mesentericus, B .  mycoides, B .  megaterim, B .  simples, Asper- 
g i  ZZus o q z a e ,  A .  terreus and Actinomyces gzobispoms (streptomycini)  . 

2 .  Res i s t an t  forms, whose s u r v i v a l  r a t e  was 76 t o  5 2  (BaciZZus Zini, 
B.  subti l is ,  B .  mesentericus v a r .  niger,  Micrococcus Zuteus, M .  aurantiacus 
and Sar&na f l a v a )  . 

3 .  P a r t l y  r e s i s t a n t  microbes whose s u r v i v a l  r a t e  was 22  t o  34% 

(Saccharomyces v i n i ,  Candida t ropicaz is )  . 
4. Nonres is tan t  microorganisms which pe r i shed  completely i n  a vacuum 

o r  whose number of  surv iv ing  c e l l s  was equal  t o  s e v e r a l  percent  (Pseudomonas 
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f luoreseem, Serrat ia  mareescens, Vibrio metchnikovii, Zygosaccharomyces v i n i ,  
Torulopsis aeria,  Rhodetorula rubra, Trichotheciwn rosewn and E.  c o l i ) .  

A t  t h e  same t i m e ,  mention should b e  made o f  t h e  s u r v i v a l  of mycelium and 

water  p l a n t s  fo l lowing  t h e i r  exposure t o  a high vacuum as  well as t h e  re- 

t e n t i o n  of  ox ida t ion  func t ions  by B.  simpZex and Sarcina f l ava .  

5 .  A high  vacuum (10-8-10-10 mm Hg) cannot s e rve  as  a b a r r i e r  t o  t h e  

t r a n s f e r  of  microorganisms through space t o  o t h e r  p l a n e t s  s o  t h a t  s t e r i l i -  

za t ion  o f  spacec ra f t  i s  necessary .  
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BEHAVIOR OF CERTAIN SOIL MICROORGANISMS I N  THE "ARTIFICIAL MARS" CHAMBER 

L .  A .  Kuzyurina and V .  M .  Yakshina 

ABSTRACT : The p o s s i b i l i t y  t h a t  c e r t a i n  s o i l  microorganisms 
could grow under condi t ions o f  maximum hygroscopic moisture  
is  discussed w i t h i n  t h e  parameters o f  t h e  Martian climate 
(temperature from -60 t o  +26O, atmospheric p r e s s u r e  
equal  t o  7 mm Hg, gas composition equal  t o  80% carbon dioxide 
p l u s  20% n i t r o g e n ) .  Microorganisms i s o l a t e d  from t h e  s o i l  
of t h e  P a m i r ,  t h e  Karakum Desert, and s o i l  from Dixon 
I s l a n d ,  were found t o  be  r e s i s t a n t  t o  varying degrees t o  
l i v i n g  condi t ions i n  t h e  " a r t i f i c i a l  Mars chamber''. The 
o l i g o n i t r o p h i  lous mycococci withstand t h e s e  cond i t ions  b e s t  
of  a l l .  This microorganism m u l t i p l i e s .  The number of 
c e l l s  on t h e  14th day has inc reased  by 7.6 times o r  more. 

So fa r ,  b e f o r e  b i o l o g i c a l  s t a t i o n s  have been s e n t  t o  o t h e r  p l a n e t s  s o  

t h a t  they can provide a c l e a r  answer t o  t h e  ques t ion  of  whether o r  no t  t h e r e  

i s  l i f e  on these  p l a n e t s ,  t h e  s tudy o f  t h e  e f f e c t  o f  extrema1 f a c t o r s  on 

te r res t r ia l  organisms has been a t o p i c  of  cons ide rab le  i n t e r e s t .  These 

s t u d i e s  make i t  p o s s i b l e  t o  determine t h e  a b i l i t y  of  t e r res t r ia l  organisms t o  

develop under condi t ions t h a t  e x i s t  on o t h e r  p l a n e t s ,  e s p e c i a l l y  Mars. 

In an a r t i f i c i a l  c l imate  chamber, pathogenic  s p o r e  and nonspore forms of  

microorganisms a r e  p l aced ,  t h e  e f f e c t  of  Martian cond i t ions  on t h e  physiology 

and v i ru l ence ,  a b i l i t y  t o  develop spores  and mul t ip ly  a r e  s t u d i e d  i n  r ep re -  

s e n t a t i v e s  of  var ious phys io log ica l  groups o f  microorganisms under a r t i f i c i a l  

condi t ions resembling those  on Mars (Davis e t  a l . ,  1959; Hawrylewicz e t  a l . ,  

1962; Roberts,  1963; Hawrylewicz e t  a l . ,  1964, 1966; Hagen e t  a l . ,  1967). 

Roberts (1963) showed t h a t  RhodospiriZZwn rubrum i s  capable of  photoassimil-  

a t i o n  of carbon dioxide and f i x a t i o n  of n i t rogen  under condi t ions of  an 

' ' a r t i f i c i a l  Mars". The parameters of t h e  cond i t ions  i n  t h e s e  experiments are 

as fol lows:  a mixture o f  gases c o n s i s t i n g  o f  carbon dioxide (2.21%) and 

n i t rogen  (93.54%); t h e  moisture of  t he  red l ava  was about 0.5% f o r  1 gram 

while  t he  daytime temperature was 22-25' and t h a t  a t  n igh t  was -25'.  

The s o i l  microorganisms t h a t  were most f r equen t ly  t e s t e d  under condi t ions 

o f  t h e  a r t i f i c i a l  c l imate  were Ba&ZZus cereus and BaciZZus subtiZis, as some 
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o f  t h e  most widespread sporogenous forms on t h e  Earth.  

m u l t i p l i c a t i o n  and growth of t h e i r  spo res .  

We s t u d i e d  t h e i r  s u r v i v a l ,  

I n  t h e  opinion o f  t h e  ma jo r i ty  of au tho r s ,  t h e  p r i n c i p a l  f a c t o r  which 

l i m i t s  t h e  s u r v i v a l  o f  t e r r e s t r i a l  microorganisms under Martian condi t ions 

i s  t h e  low humidity.  I t  should be  po in ted  ou t  t h a t  t h e  condi t ions i n  t h e  

"a r t i f ic ia l  Mars" chambers were d i f f e r e n t .  This i s  based on information 

regarding t h e  condi t ions t h a t  a c t u a l l y  e x i s t  on Mars as well as on t h e  

i n d i v i d u a l  t h e o r i e s  o f  t h e  au tho r s .  

I t  i s  p o s s i b l e  t h a t  t h e r e  i s  a c e r t a i n  analogy between t h e  xerophyt ic  

microorganisms and t h e  f r o s t - r e s i s t a n t  seeds of p l a n t s  which can withstand 

dehydration r e a d i l y .  

experiments i n  t h e  " a r t i f i c i a l  Mars" chamber microorganisms t h a t  are found i n  
the  s o i l  o f  d e s e r t s ,  high mountains, and i n  A r c t i c  and A n t a r c t i c  r eg ions ,  

where t h e  condi t ions of l i f e  a r e  h igh ly  similar t o  those on Mars. 

Proceeding on t h e  e c o l o g i c a l  p r i n c i p l e ,  one should use f o r  

I n  t h i s  a r t i c l e ,  w e  s h a l l  desc r ibe  t h e  r e s u l t s  of a s tudy o f  t h e  s u r v i v a l  

c f  xerophyt ic  s o i l  b a c t e r i a  i n  an " a r t i f i c i a l  Mars" chamber. The s o i l  

b a c t e r i a  were sepa ra t ed  by us from high mountain P a m i r  serozems, dehydrated 

d e s e r t  s o i l  from t h e  Karakum Desert and s o i l  from Dixon I s l a n d .  I n  a d d i t i o n ,  

t h e i r  s p e c i e s  membership was a l s o  e s t a b l i s h e d .  

Experiment a1 Sec t ion  

Method 

Experiments were performed i n  s h o r t  t e s t  tubes with s e r r a t e d  edges t o  

allow f r e e  passage of gases .  These t e s t  tubes were covered with broad g l a s s  

l i d s ,  and 1 gram of l imonite  melkozem was added t o  each ( p a r t i c l e  diameter 

equals  0 . 2 5  mm) as we l l  as 2% garden s o i l .  The mixture of  l imon i t e  with t h e  

s o i l  was s t e r i l i z e d ,  d r i e d  and moistened with a suspension of b a c t e r i a l  c e l l s  

s o  t h a t  t h e  mixture had a maximum hygroscopic moisture  o f  3 . 8 % .  To determine 

t h e  humidity a t  the end o f  t h e  experiment,  w e  added water t o  5 grams of  a 

mixture of  l imon i t e  with s o i l  contained i n  weighing b o t t l e s  such t h a t  t h e  

maximum hygroscopic moisture was achieved and t h e  weighing b o t t l e s  were placed 

i n  t h e  " a r t i f i c i a l  Mars" chamber i n  t h e  same fash ion  as t h e  experimental  t es t  

/119 - 
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t ubes .  

a paper  by Zhukova and Kondrat Iyev (1965). 

The d e s c r i p t i o n  of  t h e  a r t i f i c i a l  climate chamber has  been given i n  

A suspension o f  b a c t e r i a l  cells  (dens i ty  0.04 i n  ce l l  3 with r ed  l i g h t  

f i l t e r ,  according t o  t h e  FEK-56 nephelometer) was prepared from 1-day agar 

c u l t u r e s  and placed in .  t h e  t e s t  tubes with t h e  a i d  o f  a mic rop ipe t t e .  

The experiments were performed under ha r sh  extrema1 cond i t ions  with an 
extremely high content  of  darbon dioxide i n  t h e  gas mixture ,  a sha rp  v a r i a t i o n  

i n  temperature , low p r e s s u r e  and maximum hygroscopic humidity of  t h e  mixture 

of  t h e  l imon i t e  and s o i l .  

The parameters of t h e  condi t ions i n  t h e  " a r t i f i c i a l  Mars" chamber were 

as fol lows.  The p r e s s u r e  was 7 mm Hg. The mixture of gases (s teady flow) was /120 

made up of 80% carbon dioxide and 20% n i t rogen  and passed through a s a t u r a t e d  

s o l u t i o n  of  potassium s u l f a t e  t o  maintain maximum hygroscopic moisture .  For 

t h i s  purpose, a weighing b o t t l e  containing a s a t u r a t e d  s o l u t i o n  of  potassium 

s u l f a t e  was placed i n  t h e  chamber, and t h e  contents  were replaced as they 

evaporated.  

d i u r n a l  curve on the equa to r  o f  Mars (Vokuler, 1956; Moroz, 1965; Kliore  e t  

a l . ,  1965; S in ton ,  Strong,  1960).  The p o s i t i v e  temperature was maintained f o r  

8 hours a day. The mixture o f  l imon i t e  with 2% garden s o i l  was no t  i r r a d i a t e d  

with u l t r a v i o l e t  r a y s ,  s i n c e  even very t h i n  l aye r s  o f  s o i l  completely absorbed 

t h e  r a y s .  

The temperature v a r i e d  between -60 and +30 according t o  t h e  

The s t u d i e s  were performed with t h e  fol lowing b a c t e r i a :  BaciZZus zooglei- 
cus and Micrococcus s p .  (obtained from P a m i r  serozems) , BaciZZus aegypticus 
(taken from s o i l  i n  t h e  Karakum Desert)  , and Mycococcus ol igoni trophi lus  
(from s o i l  c o l l e c t e d  on Dixon I s l a n d ) .  

The r e s u l t s  o f  t h e  experiments a r e  shown i n  Figure 1. I t  follows from 

these  d a t a  t h a t  no t  a l l  microorganisms behave i n  t h e  same fa sh ion  under t h e  

cond i t ions  of t h e  " a r t i f i c i a l  Mars" chamber. A f t e r  14 days,  4.6% of  t h e  c e l l s  

'The gas mixture was prepared according t o  one of  t h e  t h r e e  p o s s i b l e  mixtures 
as determined by 11Mariner-411 (Kliore e t  a l .  , 1965).  

146 



of  B.  zoogZeicus remained a l i v e  i n  t h e  chamber. I n  t h e  case of  Micrococcus 
s p  . under t h e  same cond i t ions ,  7 .3% of  t h e  c e l l s  survived while  Mycococcus 
ol igoni trophi lus  m u l t i p l i e d  and t h e  number of  c e l l s  i nc reased  du r ing  t h i s  

pe r iod  i n  comparison t o  o r i g i n a l  by 7.6 times. A c u l t u r e  of  B .  aegypticus 

turned ou t  t o  be. r e s i s t a n t  t o  Martian cond i t ions .  The number of c e l l s  a t  t h e  /121 

end o f  t h e  experiment was t h e  same. 

1 

i 
I 

I 
1 a1 LP 

Figure 1. Inf luence of Conditions 
Ex i s t ing  i n  t h e  "Ar t i f ic ia l  Mars" 
Chamber on S o i l  Microorganisms : 
Temperature from +25 t o  -60".  

20%.  Pressure equals  7 mm Hg. 
The l imonite  had a maximum 
hygroscopic moisture o f  3.8%. 
The du ra t ion  of  t he  experiment 
was 14  days.  a,  Or ig ina l  num- 
b e r  o f  c e l l s ;  b ,  Number of 
c e l l s  a f t e r  1 4  days; I ,  B. zoo- 
gleicus;  11, Micrococcus s p  . ; 
I1 I ,  Mycococcus ol igoni trophi lus;  
I V ,  B.  aegypticus. 

Gas composition: C 0 2  - -  80%, N2 - -  

Hence, t h e  o l i  goni t rophi  lous 
mycococcus i s o l a t e d  from t h e  s o i l  

from Dixon I s l a n d  tu rned  out  t o  be  a 
form which was most adapted t o  

extrema1 condi t ions o f  ex i s t ence .  

In  a second group o f  expe r i -  

ments t h a t  were performed with t h e  

same c u l t u r e  under condi t ions o f  

an " a r t i f i c i a l  Mars", bu t  with a 

moisture equal  t o  4%, t h e  a b i l i t y  o f  

Mycococcus o Zigon-i trophi Zus t o  
mul t ip ly  was r e t a i n e d .  The number of 

c e l l s  of  t h i s  microorganism on t h e  

14th day o f  be ing  kept i n  t h e  

" a r t i f i c i a l  Mars'' chamber increased 

by a f a c t o r  o f  23, from 3 0 ~ 1 0 ~  t o  

79-104 p e r  gram o f  " so i l " .  

A second s e r i e s  of experiments 

which l a s t e d  1 4  days as w e l l  

d i f f e r e d  from t h e  preceding i n  t h e  

fact  t h a t  t he  temperature of  t h e s e  

t e s t s  d i d  no t  vary but  remained con- 

stant (28"). 

The d a t a  from t h e  experiments 

are presented i n  Figure 2 .  They 

support  t h e  r e s u l t s  t h a t  were ob- 

t a i n e d  e a r l i e r .  Bacteria w i l l  n o t  
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d i e  under these  condi t ions .  

sporogoneous b a c i l l i  f i n a l l y  turned  out  t h e  same as i n  t h e  preceding  series 

of experiments;  t h e  o l igon i t roph i lous  mycococci m u l t i p l i e d  i n  l imoni te .  

The number o f  cel ls  i n  t h e  experiment with 

We then performed observa t ions  involv ing  t h e  same c u l t u r e  and i t  was 

found t h a t  Myeoeoeeus oZigonitrophiZus w i l l  surv ive  under condi t ions  of  t h e  

" a r t i f i c i a l  Mars" chamber even a lower s o i l  mois ture ,  from 0 .2  t o  1 .8%. On 

t h e  14th day w e  found as many as  l o 3  cel ls  p e r  gram o f  l imoni te  and s o i l  

(Figure 2 ) .  

Seeding t h i s  i nocu la t ion  m a t e r i a l ,  d i l u t e d  wi th  water  and s t o r e d  f o r  two 

days i n  a r e f r i g e r a t o r  a t  5' always produced growth. 

c e l l s  of Mycococcus OZigonitrophiZus decreased by a f a c t o r  of 10 i n  comparison 

with t h e  i n i t i a l  amount. I n  t h i s  connect ion,  w e  performed tes ts  o f  t h e  e f f e c t  

o f  t h e  moisture  o f  t h e  l imoni te  conta in ing  2% garden s o i l  on growth and 

m u l t i p l i c a t i o n  of  Mycococcus o2igonitrophiZu.s , with t h e  fo l lowing  method being 

used. 

moisture) were covered loose ly  with g l a s s  caps and p laced  i n  des i cca to r s  of 

However, t h e  number o f  

Shor t  t e s t  tubes  wi th  s e r r a t e d  edges ( f o r  improved passage o f  a i r  and 

uniform s ize ,  on t h e  bottom o f  which water  ( con t ro l )  o r  a 10% s o l u t i o n  of /122 

s u l p h u r i c  a c i d  had been poured. 

To c r e a t e  s t i l l  lower moisture  o f  t h e  l imoni te ,  50 o r  96% su lphur i c  ac id  

To each experimental  t es t  tube ,  w e  added 1 .0  g w a s  added t o  t h e  d e s i c c a t o r s .  

of s t e r i l e  l imoni te  and s o i l ,  brought t o  cons tan t  weight and 0.04 m l  of  an 

aqueous suspension of  a 1 -day c u l t u r e  o f  Mycococcus o Zigonitrophi lus . 
c u l t u r e  was grown on a meat-peptone agar  a t  30" and was used t o  prepare  an 

aqueous suspension of  cells  wi th  a dens i ty  (according t o  t h e  FEK-56) of 

0 .04 D (with a red l i g h t  f i l t e r ,  ce l l  No. 3 ) .  Addit ion of  t h i s  amount of 

suspension of mycococci caused development of  maximum hygroscopic  moisture  i n  

t h e  l imoni te .  

This 

The t e s t  tubes  were p laced  i n  des i cca to r s  f o r  36 days.  I n  add i t ion ,  i n  
o rde r  t o  determine t h e  mois ture  of t h e  l imoni te  a t  t h e  end of  t h e  experiment,  

weighing b o t t l e s  conta in ing  5.0 g l imoni te  brought  up t o  cons tan t  weight were 
i n s t a l l e d  with them, wi th  add i t ion  o f  0 .2  m l  of  t a p  water t o  produce maximum 

hygroscopic mois ture ,  i .e. , t h e  same moisture  a s  i n  t h e  experimental  t es t  tubes .  
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367 

n m  x '!! 

Counting of t h e  number of  micro- 

organisms was performed with t h e  a i d  of 

i n o c u l a t i o n  on P e t r i  d i s h e s  with meat- 

peptone agar  with subsequent counting o f  

t h e  number of colonies  which developed 

i n  two days a t  30'. 

From t h e  r e s u l t s  o f  t h e  tests t h a t  

are l i s t e d  below it  i s  apparent t h a t  
Figure 2 .  I n f luence  o f  Con- 
d i t i o n s  Ex i s t ing  i n  t h e  
" A r t i f i c i a l  Mars" Chamber a t  

under condi t ions o f  ordinary p r e s s u r e  of 

a t e r res t r ia l  atmospheric composition 
a Constant Temperature o f  
+28O (Temperature Control)  
on Soi  1 Microorganisms : 
Gas composition: co2 -- 80%,  

N 2  - -  20%. P res su re  equals  

7 mm Hg. The l imon i t e  had 
3.8% moisture (maximum hygro- 
s c o p i c ) .  The experiments 
l a s t e d  1 4  days. a,  Or ig ina l  
number o f  c e l l s ;  b , Number 
of  c e l l s  a f t e r  14 days; 
I ,  B .  zoogzeicus; 11, Micro- o f  36 days.  With a l imon i t e  moisture 

and a t  room temperature,  o l i g o n i t r o -  

ph i lous  micrococci are ab le  t o  mul t ip ly  

a t  a s u b s t r a t e  moisture l e v e l  equal  t o  

2.5% ( i . e .  , below t h e  maximum hygro- 

s c o p i c  moisture  of  l imon i t e ,  equal t o  

3 .8%) , while  the  number o f  c e l l s  i n -  

creases  by a f a c t o r  of  two i n  compari- 

son t o  the  o r i g i n a l  number i n  the  course 

coccus s p .  ; 111, Mycococcus 
o Zigoni trophi Zus; I V , B . equal  t o  0 .4  t o  0 . 5 % ,  t h e  number of 
aegyptieus. c e l l s  of  t h e  mycococcus i n  i t  decreases  

by a f a c t o r  of 10, bu t  they do no t  d i e  

completely. This i n d i c a t e s  t h e i r  xerophyt ic  n a t u r e .  

In the  Desiccator  i n  Average Moisture o f  Limonite Average Number** of 
t he  Presence o f :  i n  36 Days, %* c e l l s  of Mycococcus 

i n  1 g of  Limonite 
a f t e r  36 days 

Water 
10% H2S04 

50% H2S04 

95% H2S04 

2.5 
1 . 2  

0.5 

0 .4  

2 0 . 2 . 1 0 ~  

10.8-103 

63-104 

31. 0*103 

* Orig ina l  moisture  -- 3.8% 
** Average o r i g i n a l  amount of  mycococcus -- 66.2-104 per gram of  l imon i t e .  
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The f o u r t h  s e r i e s  of experiments which l a s t e d  seven days was performed 

i n  t h e  "a r t i f ic ia l  Mars" chamber with sporogenous b a c i l l u s  i s o l a t e d  from s o i l  

c o l l e c t e d  i n  t h e  Karakum Desert. I t  was found t h a t  BadZZus cyZindrosporms 
is  w e l l  s u i t e d  f o r  a dry climate, temperature v a r i a t i o n s ,  gas mixture  and 

reduced p r e s s u r e .  

t a i n i n g  l imon i t e  and garden s o i l  ( 2 % ) .  This  mixture was s t e r i l i z e d ,  d r i e d  

and moistened t o  3 . 8 % .  

mental t e s t  tubes were kept  i n  a n a e r o s t a t s  over a s a t u r a t e d  s o l u t i o n  of  

potassium s u l f a t e  i n  o r d e r  t o  maintain t h e  maximum hygroscopic moisture  of t h e  

l imon i t e .  

A c e r t a i n  number of cells  were placed i n  a test tube con- /123 

I n  t h e  course of seven days,  t h e  c o n t r o l  and expe r i -  

The experimental anae ros t a t  was f i l l e d  with a gas mixture composed o f  

C 0 2  -- 50%; N 2  - -  40% and A r  - -  l o % ,  corresponding t o  our concepts of  t h e  

Martian atmosphere on t h e  b a s i s  of  t h e  d a t a  obtained with t h e  a i d  o f  t he  

f1Mariner-411. I n s i d e ,  a p re s su re  equal  t o  atmospheric was produced. The 

d a i l y  v a r i a t i o n s  i n  t h e  temperature ranged from -60 t o  + 2 8 O .  

achieved by p l ac ing  t h e  anae ros t a t  f o r  16 hours i n  a Dewar v e s s e l  with a 

mixture of  a lcohol  and dry i c e ,  and then moving t h e  anae ros t a t  f o r  8 hours t o  

a thermostat  where t h e  temperature was kept a t  28'. 

t h e r e  was no add i t ion  of a gas mixture .  

moisture o f  t h e  l imonite  was t h e  same. The temperature was kept  constant  a t  

28". The amount of b a c t e r i a  contained i n  t h e  l imonite  a t  t h e  beginning and 

end of  t h e  experiment was determined by means o f  c u l t u r e s  i n  P e t r i  d i shes  

with meat-peptone agar .  

This was 

In  the  c o n t r o l  a n a e r o s t a t ,  

The a i r  was no t  pumped o u t .  The 

The d a t a  from t h e s e  experiments i n d i c a t e  t h a t  i n  l imonite  with a maximum 

hygroscopic moisture t h e r e  was development of sporogenous b a c i l l i ,  BaciZZus 
cyZindrosporus. 
ments had inc reased  by a f a c t o r  of t h r e e .  

i n  t h e  experiments and t h e  c o n t r o l  t e s t s  it was found t h a t  t h e  v a r i a t i o n s  i n  

temperature,  composition of Martian atmosphere and vacuum had no e f f e c t  on 

the  growth of  t h e  b a c t e r i a  being s t u d i e d .  This i n d i c a t e s  t h a t  only low 

moisture of  t h e  s u b s t r a t e  l i m i t s  t h e i r  growth. 

Seven days l a t e r ,  t h e  number o f  c e l l s  i n  some o f  t h e  expe r i -  

When comparing t h e  r e s u l t s  obtained 
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Evaluation of  t h e  Resu l t s  

I t  i s  convenient t o  assume t h a t  with maximum hygroscopic moisture of t h e  

s o i l ,  only c e r t a i n  actinomycetes and fungi  can develop. 
be necessary t o  make changes i n  t h i s  concept,  s i n c e  c e r t a i n  b a c t e r i a  can a l s o  

mult iply i n  s o i l  a t  t h e  i n d i c a t e d  moisture  l e v e l .  Experiments t h a t  have been 

performed i n d i c a t e  t h a t  the p r i n c i p a l  f a c t o r  which l i m i t s  t h e  v i t a l  a c t i v i t y  

of t e r r e s t r i a l  microorganisms under t h e  conditions e x i s t i n g  i n  t h e  "a r t i f ic ia l  

Mars" chamber i s  t h e  moisture  of  t h e  s o i l .  Our experiments confirmed t h i s .  

Obviously, it w i l l  

I n  p o i n t i n g  ou t  t h e  extremely well developed a d a p t a b i l i t y  t o  l i v i n g  

condi t ions possessed by c e r t a i n  s o i l  b a c t e r i a ,  both o l i g o n i t r o p h i l o u s  and 

saprogenic ,  Rakhno (1960) notes  t h e i r  a b i l i t y  t o  achieve maximum reproduct ion 

i n  win te r  i n  f rozen  s o i l ,  al though they  a re  no t  s t r i c t  psychrophi ls .  

l y ,  microorganisms of t h i s  kind can withstand dehydration w e l l .  

Obvious- 

The o l i g o n i t r o p h i l o u s  mycococcus i s o l a t e d  from t h e  s o i l  of Dixon I s l a n d  /124  

proved t o  be t h e  most r e s i s t a n t  and capable of reproduct ion of a l l  t h e  

microorganisms exposed t o  t h e  condi t ions i n  t h e  " a r t i f i c i a l  Mars" chamber and 

t o  dehydrat ion.  This c o n s t i t u t e s  a c e r t a i n  degree of support  f o r  t h e  a u t h o r ' s  

opinion regarding o l i g o n i t r o p h i l o u s  forms. 

h a l o t o l e r a n t  forms of  microorganisms w i l l  prove t o  be t h e  ones most ab le  t o  

adapt t o  the  extreme Martian cl imate  cond i t ions .  The p o s s i b i l i t y  cannot be 

excluded t h a t  t h e  "osmophilic l i f e  forms" w i l l  b e  ab le  t o  mult iply under t h e  

condi t ions e x i s t i n g  on Mars, where t h e r e  i s  very l i t t l e  moisture .  

Probably t h e  xerophyt ic  and 

I t  should be  po in ted  ou t  t h a t  a l l  o f  t h e  microorganisms which w e  s tud ied  

t h a t  were i s o l a t e d  from d e s e r t  and high a l t i t u d e  s o i l s  proved t o  be  ha lo -  

t o l e r a n t ,  growing i n  a medium with 15% sodium c h l o r i d e .  Not a s i n g l e  micro- 

organism mentioned i n  t h i s  work per ished under t h e  extrema1 Martian condi t ions 

and had adapted t o  them t o  a g r e a t e r  o r  l e s s e r  degree.  

I n  conclusion, w e  would l i k e  t o  express  our deep apprec ia t ion  t o  A .  A .  

Imshenetskiy f o r  d i r e c t i n g  our  work and f o r  va luab le  comments. 
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Conclusions 

1. Xerophytic microorganisms i s o l a t e d  from t h e  s o i l  c o l l e c t e d  i n  the  

Karakum Desert, t h e  high a l t i t u d e  reg ions  o f  t h e  P a m i r  and from t h e  s o i l  on 

Dixon I s l a n d  proved t o  be r e s i s t a n t  t o  vary ing  degrees t o  a r t i f i c i a l  Martian 

condi t ions .  

L. The o l i g o n i t r o p h i l o u s  mycococcus (Mycococcus oZigonitrophiZus) 
m u l t i p l i e s  under t h e  condi t ions  o f  t h e  " a r t i f i c i a l  Mars" chamber with maximum 

hygroscopic moisture  of t h e  l imoni te  ( 3 . 8 % ) .  

t o  inc rease  by a f a c t o r  of 7.6-23 by the  end of  14 days.  

The number of  c e l l s  was found 

3. Af te r  14 days,  4.6% of t h e  c e l l s  of Ba&ZZus zoogZeieus were found t o  

surv ive  i n  t h e  " a r t i f i c i a l  Mars" chamber. 

4 .  Bacil lus  aegypt ieus  proved t o  be r e s i s t a n t  t o  Martian cond i t ions .  

The number of c e l l s  was no t  reduced a t  t h e  end o f  t h e  experiment .  

5 .  Ba&ZZus cyZindrospoms develops i n  l imoni te  with 3.8% moisture  i n  

t h e  " a r t i f i c i a l  Mars" chamber, and t h e  number of c e l l s  i n c r e a s e s  by a f a c t o r  

of  t h r e e  i n  seven days .  
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POSSIBILITY OF THE SPREADING OF VIABLE GERMS I N  OUTER SPACE 

R.  I .  Fedorova 

ABSTRACT: The p o s s i b i l i t y  of germ s u r v i v a l  and t r a n s p o r t  
i n  o u t e r  space i s  discussed on t h e  b a s i s  of p r e s e n t  t h e o r i e s  
and experimental  d a t a ,  including a l s o  s t u d i e s  of material 
p a r t i c l e  t r a n s p o r t  between celest ia l  bodies  by Arrhenius 
(1909, 1911) , and s t u d i e s  by Oparin (1957) , Imshenetskiy 
(1964) and Shklovskiy (1965) who came t o  t h e  conclusion t h a t  
among o t h e r  unfavorable environmental f a c t o r s  UV r a d i a t i o n  
i s  most de t r imen ta l  f o r  t h e  s u r v i v a l  of germs and spores  
i n  o u t e r  space.  UV r a d i a t i o n  i n a c t i v a t i o n  doses a r e  given 
f o r  a l a r g e  group o f  germ s t r a i n s .  Recent experiments con- 
cerning s u r v i v a l  of  BaciZZus megater im spores  exposed t o  
UV r a d i a t i o n  are desc r ibed ,  showing t h a t  spo res  can su rv ive  
b a c t e r i c i d a l  W doses when s h i e l d e d  by a l a y e r  of t u f f  d u s t .  
S i m i l a r  experiments with B a d Z Z u s  cereus spores  p r o t e c t e d  
by chromium f i l m s  a r e  a l s o  desc r ibed .  

In  t h e s e  t imes,  cha rac t e r i zed  by an i n t e n s i v e  program invo lv ing  t h e  

conquest of space - -  t h e  i n t e r e s t  of s c i e n t i s t s  i n  t h e  e f f e c t  of  f a c t o r s  i n  

t h e  space environment on b i o l o g i c a l  o b j e c t s  has seen i n t e n s i v e  growth. 

Detection of  b a c t e r i c i d a l  p r o p e r t i e s  of space f a c t o r s  would make i t  p o s s i b l e  

t o  so lve  t h e  problem of  t h e  p o s s i b i l i t y  o f  t r a n s p o r t i n g  v i a b l e  germs through 

space,  exchange of l i v i n g  organisms between p l a n e t s ,  which has no t  only 

considerable  t h e o r e t i c a l  importance but  a l s o  no small amount of p r a c t i c a l  

s i g n i f i c a n c e  i n  conjunction wi th  t h e  n e c e s s i t y  f o r  s t e r i l i z i n g  s p a c e c r a f t .  

The i d e a  of t h e  spread of  microorganisms through space t o  o t h e r  p l a n e t s  

i s  no t  a new one. Thus, i n  1865 Richter  suggested t h a t  t h e  seeds of l i f e  

might have reached t h e  Earth with p a r t i c l e s  t h a t  were t o r n  away from heavenly 

bodies and 20 years  l a te r  t h e  German phys io log i s t  Helmholz proposed t h e  i d e a  

of t h e  p o s s i b i l i t y  of  c o l l e c t i n g  t h e  spores  of  microorganisms t o g e t h e r  with 

m e t e o r i t e s .  The hypothesis has  been suggested by many i n d i v i d u a l s ,  bu t  a l l  

of  them belong t o  one of two schoo l s :  t r a n s p o r t  o f  germs by me teo r i t e s  ( the  

hypothesis of cosmozoism o r  lithopanspermy) and t h e  t r a n s p o r t  of  germs 

toge the r  with space dust  as t h e  r e s u l t  of t h e  ac t ion  o f  t h e  p r e s s u r e  of l i g h t  

( t he  hypothesis  of  radiopanspermy). 
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The famous Swedish p h y s i c i s t  and chemist Arrhenius (1909, 1911) , pro- 

ceeding on t h e  b a s i s  of t h e  p r e s s u r e  of  l i g h t  r ays  which was t h e o r e t i c a l l y  

discovered by Maxwell and demonstrated i n  sp l end id  experimental  f a sh ion  as w e l l  

as measured q u a n t i t a t i v e l y  by t h e  Russian p h y s i c i s t  Lebedev, s t u d i e d  t h e  

problem of  t h e  t r a n s p o r t  o f  p a r t i c l e s  of matter from one heavenly body t o  

another  i n  g r e a t  d e t a i l .  According t o  h i s  t heo ry ,  a i r  cu r ren t s  flowing upward, /126 

e s p e c i a l l y  t h e  s t r o n g  ones which develop when volcanoes e r u p t ,  may c a r r y  very 

f i n e  p a r t i c l e s  t o  a l t i t u d e s  as g r e a t  as 100 km o r  more above t h e  s u r f a c e  o f  
t h e  Earth.  E l e c t r i c a l  d i scha rges  i n  t h e  upper l a y e r s  of t h e  atmosphere are 
capable of e j e c t i n g  these  p a r t i c l e s  of  ma te r i a l  from t h e  E a r t h ' s  atmosphere 

i n t o  i n t e r p l a n e t a r y  space, where t h e  movement of t h e  p a r t i c l e s  w i l l  t a k e  

p l ace  under t h e  i n f l u e n c e  o f  u n i l a t e r a l  l i g h t  p re s su re  from t h e  Sun's r a y s .  

Arrhenius c a l c u l a t e d  t h a t  spores  o f  b a c t e r i a  with a diameter of  200 t o  150 

mill imicrons could reach t h e  l i m i t s  of our p l ane ta ry  system i n  1 4  months. 

A number of  t h e  ob jec t ions  o f  a ph i losoph ica l  n a t u r e  have been r a i s e d  

aga ins t  t h e  theory of Arrhenius , involving t h e  o r i g i n  of l i f e  on E a r t h .  

However , t h e  i d e a  of t h e  p o s s i b i l i t y  of t r a n s f e r  of ,spores of microorganisms 

from p lane t  t o  p l ane t  does not  c o n t r a d i c t  t h e  m a t e r i a l i s t i c  view of  philosophy. 

A t  t h e  p re sen t  t ime,  t h e  theory of panspermy has been r eeva lua ted  by many 

s c i e n t i s t s  i n  t h e  l i g h t  of modern astronomical d a t a .  

Lederberg ( c i t e d  i n  Clemedson, 1964) f e e l s  t h a t  t h e r e  i s  no n a t u r a l  

mechanism f o r  e j e c t i o n  of  sporogenous p a r t i c l e s  from t h e  g r a v i t a t i o n a l  f i e l d  

of  p l a n e t s  of t h e  Earth type o r  from any o t h e r  r a t h e r  l a r g e  heavenly body which 

has an atmosphere. 

Sagan ( c i t e d  i n  Clemedson, 1964) concluded t h a t  t h e  l i g h t  p re s su re  of  

t h e  s o l a r  rays  could only expel i n t o  o u t e r  space organisms measuring 0 . 2  t o  
0 .6  micron i n  diameter .  The p r e s s u r e  o f  t h e  l i g h t  from stars with smaller 

masses than t h e  Sun would be i n s u f f i c i e n t  t o  e ject  microorganisms i n t o  space.  

Only s t a r s  i n  t h e  s p e c t r a l  i n t e r v a l  from A 0  t o  G5 could s e r v e  as sources  fcr 

t h e  spread o f  l i f e  i n  t h i s  f a s h i o n .  

received one microorganism from a s t e l l a r  source du r ing  t h e  f irst  b i l l i o n  

yea r s  of  i t s  h i s t o r y ,  i f  each o f  t h e  known stars i n  our galaxy e j e c t e d  

However, Sagan emphasizes t h a t  t h e  Earth 
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about one ton o f  microorganisms i n t o  i n t e r s t e l l a r  space dur ing  t h i s  pe r iod  o f  

t i m e .  

According t o  t h e  c a l c u l a t i o n s  o f  Anders (1961), each o f  t h e  1O1I p l a n e t s  

i n  our  S o l a r  System* would have t o  e j e c t  6.0. 1 0 l 8  microorganisms i n  o rde r  f o r  

one microorganisms t o  land  on 1 m2 of  t h e  luna r  surface. 

out  t h a t  t h e  p o s s i b i l i t y  t h a t  t h e  Moon rece ived  t e r r e s t r i a l  microorganisms i s  

g r e a t e r  than t h e  p o s s i b i l i t y  t h a t  it rece ived  them from o the r  p l a n e t s  and 

t h e r e f o r e  it may b e  p o s s i b l e  t o  f i n d  forms o f  microorganisms t h e r e  which have 

a l ready  d ied  ou t  on Ear th .  

Anders a l s o  p o i n t s  

Hence, a t  t h e  p re sen t  t ime s c i e n t i s t s  do n o t  exclude t h e  p o s s i b i l i t y  o f  

n a t u r a l  spread of  l i f e  from p l a n e t  t o  p l a n e t ,  a l though they  feel  t h a t  t h e  

p r o b a b i l i t y  of such a propagat ion i s  very smal l .  

I n  o rde r  t o  have a genera l  i d e a  o f  t h e  theory  o f  panspermy, it was neces-  

s a r y  t o  e s t a b l i s h  t h e  p o s s i b i l i t y  o f  r e t a i n i n g  t h e  v i a b i l i t y  o f  embryos during 

t h e i r  long journey through space.  Acting on t h e  b a s i s  o f  t h e  achievements of  

modern n a t u r a l  s c i ence ,  t h e  ma jo r i ty  o f  famous s c i e n t i s t s  (Oparin, 1957; Ish-  

menetskiy, 1964; Shklovskiy,  1965) have concluded t h a t  i f  a l l  t h e  f a c t o r s  un- 

favorable  t o  l i f e  which e x i s t  i n  o u t e r  space (low temperatures ,  c l o s e  t o  ab- 

s o l u t e  zero,  absence o f  moisture ,  l ack  of  oxygen, an u l t r a h i g h  vacuum on t h e  

o rde r  o f  mm Hg, d i v e r s e  forms of  r a d i a t i o n ,  e t c . ) ,  t h e  p r i n c i p a l  obs t ac l e  

t o  t h e  r e t e n t i o n  o f  t h e  spores  of  b a c t e r i a  i n  a v i a b l e  s t a t e  i s  u l t r a v i o l e t  r a -  

d i a t i o n .  

t h e  Sun. 

Sun a t  i t s  average d i s t a n c e  from t h e  Earth (one astronomical  u n i t )  equals  1.40. 

l o 6  ergs/cm2/sec o r  0.140 W/cm2 * 2% ( J a f f e ,  Ri t tenhouse,  1962). 

1% of t h e  t o t a l  energy f a l l s  i n  t h e  wave length  r eg ion  below 3,000 a. 
p o r t i o n  of  t h e  r a d i a t i o n  i s  absorbed completely i n  t h e  E a r t h ' s  atmosphere. 

t h e s e  waves a r e  s h o r t e r  than  2,800-2,900 8, l i f e  on our  p l a n e t  has  become ac- 

customed t o  l i f e  under u l t r a v i o l e t  r a d i a t i o n  with a wave l eng th  h ighe r  than  

2,800 A as a resul t  o f  long evolu t ion .  

- /127 

The p r i n c i p a l  source o f  u l t r a v i o l e t  r a d i a t i o n  i n  t h e  S o l a r  System i s  

The d e n s i t y  of  t h e  t o t a l  f l u x  of  e lec t romagnet ic  r a d i a t i o n  from t h e  

Approximately 

This  

Since 

I t  is  p o s s i b l e  t h a t  t h i s  is  p a r t  of  t h e  

*Ed i to r ' s  Note: Fedorova's e r r o r .  She obviously means t h e  lo1'  s tars i n  our 
Galaxy. 
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reason why t h e  g r e a t e s t  b a c t e r i c i d a l  effect  i s  exh ib i t ed  by t h e  r ays  which a r e  

below t h i s  l i m i t ,  i n  t h e  range from 2,500-2,700 A. The i n t e n s i t y  of  s o l a r  ra- 

d i a t i o n  i n  t h e  o r b i t  of Venus i s  1 .9  times g r e a t e r  than i n  t h e  Ea r th ' s  o r b i t ,  

whi le  i n  t h e  o r b i t  o f  Mars it i s  about 0 .4  o f  t h e  i n t e n s i t y  o f  t h e  d o l a r  r a -  

d i a t i o n  i n  t h e  E a r t h ' s  o r b i t .  Ref lec ted  s o l a r  l i g h t  cons iderably  inc reases  

t h e  t o t a l  i n t e n s i t y  n e a r  t h e  Ear th  and p l a n e t s .  

r a d i a t i o n  i n  t h e  Earth i t s e l f  and from t h e  p l a n e t s  spreads i n t o  o u t e r  space.  

In add i t ion ,  u l t r a v i o l e t  

0 

The i n t e n s i t y  of u l t r a v i o l e t  r a d i a t i o n  a t  t h e  2,500-2,600 A wave length 

i n  space a t  a d i s t ance  o f  one astronomical  u n i t  i s  equal  t o  2*103 ergs/cm2/sec 

( J a f f e ,  Ri t tenhouse,  1962).  This  means t h a t  i f  a spore  i s  e j e c t e d  from t h e  

Ear th  and moves i n  a s t r a i g h t  l i n e  toward Mars a t  t h e  speed of s u n l i g h t ,  it 

w i l l  reach Mars i n  an average of  1090 hours .  During t h i s  time, t h e  spore  w i l l  

r ece ive  a dose o f  u l t r a v i o l e t  r a d i a t i o n  i n  t h e  b a c t e r i c i d a l  range of  t h e  

spectrum of  7 .  85*109 ergs/cm2. 

l i g h t  v a r i e s .  In  t h e  experiments of Panasyuk (1966), t h e  r e s i s t a n c e  of 

y e a s t s  t o  u l t r a v i o l e t  l i g h t  i n  t h e  2,650 A range was 170 t imes h ighe r  than f o r  

b a c t e r i a .  Soln tseva  (1967) , s tudying  high a l t i t u d e  s t r a i n s  of  y e a s t - l i k e  

organisms observed t h a t  w i th in  a s i n g l e  genus (RhodotomZa) t h e  s t r a i n s  which 

were most r e s i s t a n t  t o  u l t r a v i o l e t  l i g h t  were 300 times more r e s i s t a n t  than 

t h e  most s e n s i t i v e  ones.  

The s e n s i t i v i t y  of microorganisms t o  u l t r a v i o l e t  /129 

0 

Wave l eng th ,  1 

2200 
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2400 
2500 
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2700 
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% 

25 
40 
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91 
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99 
87 
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2 800 
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4000 
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30 
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111llll I l l1  

TABLE 1. SENSITIVITY OF VARIOUS MICROORGANISMS TO ULTRAVIOLET 
RADIATION (A = 2537 and 2650 A) 

.- . ~. - . . - 

Dose of UV-104 ergs/cm2 I Meyer & I Clemed- I Samov- Microorganism 
Seitz son, l o v i  

_ _  ’ 1-2,5 
6-7 

Escherfchia coli I 1,55 
Bacillus subtilis - 

12 12 
- 1,13 Bat megaterium - 

But. megateriwn (spores) - - 2,73 
Bac. pyoeyaneum 4.4 - 

7 
BUC. subtilib (spores) _ _  

- 
Microweeus sphaeroides 
M. candieans 
M .  pyogenes aureus 
M .  lysodei kt icus 
M .  radiodurans 
Pseudomonas aeruginosa 
Pa. fluoresccns 
Sarcina lutea 
Salmonella typhimurium 
Serratia mareescens 
Staphylococcus albus 
Staph. aureus 
Streptococous lactis 
S t r .  ridans 
S t r .  hemolyticus 
Saccharomyces sp. 
Sacch. cerevisiae 
Saccharomyces (diploids) 
s m h .  (haploids) 
Sacch. vini (diploids) 
Actinomyces sp. 
Aspergillus niger 
Asp. nidulans 
Penicillium dlgilnlum 
Oosporu lactis 
Bacterlum aertrycke 
Bacillus megaterium sp. 
 BO^. megalerium (spores) 
Saccharomyces turbidrrns 
Sacch. cerevistae 
Staph. aureus 

0,048 
3,9 
6.0 
9,0 
6,s 
1,54 

_ _  . . -  

Death of 
Cells, % 

90-100 
90-100 
90-100 
90-100 
90-10(\ 
90-100 
90-100 
90-100 
90-100 
90-100 
90-100 
90-100 
90-100 
90--100 
90-100 
90-100 
90-100 
90-100 
90-100 
90-100 
90- 100 
(90-100 
90-100 
90-100 
90-100 
90-100 
90-100 
90-100 
90-100 
90-100 
00 -100 

80 
80 
80 
YO 
80 
80 

- .  - 

Translator’s Note: Commas indicate decimal points. 
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Table 1 l ists  t h e  d a t a  on t h e  doses r equ i r ed  f o r  i n a c t i v a t i o n  of 80-100% 

o f  t h e  microorganisms (Meyer, S e i t z ,  1952; Clemedson, 1964; Samoylova, 1967). 

They vary wi th in  wide l i m i t s  - -  from I O 2  t o  l o 6  ergs/cm2. Thus, t h e  dose of 

- u l t r a v i o l e t  r a d i a t i o n  which a spore  w i l l  r e ce ive  on i t s  f l i g h t  from Earth t o  

Mars w i l l  be s o  much h ighe r  than t h e  b a c t e r i c i d a l  dose f o r  t h e  most r e s i s t a n t  

t e r r e s t r i a l  microorganisms t h a t  t h e r e  w i l l  be no quest ion o f  i t s  death during 

the  t r i p .  

But t h i s  p o s i t i o n  i s  v a l i d  f o r  unprotected s p o r e s .  

According t o  t h e  d a t a  of  Zhukova and Kozlova (1966), a s h i e l d  composed o f  

a s i n g l e  l a y e r  of  c e l l s  of RhodotoruZa eoZostr i  ( c e l l  diameter equals  1 .9  

microns) reduces t h e  b a c t e r i c i d a l  e f f e c t  of u l t r a v i b l e t  rays  by a least  a 

f a c t o r  o f  f o u r .  This  s h i e l d i n g  of  t h e  c e l l s  by supe r j acen t  i n d i v i d u a l s  i n  

growing colonies  was mentioned i n  1901 by Tomashevskiy. In  the  experiments 

of Vashkov and Serebryakova (1960) with spores  of Anthracoid and p o t a t o  

b a c i l l u s ,  placed on s l i d e s  , considerable  d i f f e r e n c e s  i n  t h e  r e s i s t a n c e  of  

t h e  spores  t o  u l t r a v i o l e t  l i g h t  were observed depending on whether t h e  s u r f a c e  

o f  t h e  s l i d e  was in fused  with water o r  a b o u i l l o n  suspension.  Spores from 

t h e  b o u i l l o n  c u l t u r e ,  i n  t h e  d r i e d  s t a t e ,  proved t o  be 20 t imes more r e s i s t a n t  

t o  u l t r a v i o l e t  rays  than t h e  spores  from t h e  aqueous suspension.  I t  i s  l o g i c a l  

t o  assume t h a t  i n  t h i s  case a p r o t e c t i v e  e f f e c t  was produced by t h e  l aye r s  o f  

o rgan ic  substance t h a t  formed on t h e  c e l l s  due t o  t h e  b o u i l l o n  suspension 

following i t s  drying.  Obviously, s i m i l a r  phenomena are observed under 

n a t u r a l  cond i t ions .  A necessary condi t ion f o r  t h e  growth of a l l  l i f e  on 

Earth i s  t h e  presence o f  wa te r ,  and i t  i s  t h e r e f o r e  d i f f i c u l t  t o  imagine t h a t  

spores would e n t e r  t he  a i r  from va r ious  h a b i t a t s  o f  microorganisms which would 

no t  be carrying with them adsorbed p a r t i c l e s  of  s o l u t i o n s  from t h e  ambient 

medium. We a l s o  know t h a t  microorganisms r a p i d l y  p e r i s h  on smooth s u r f a c e s  and 

i n  d u s t  f r e e  a i r  from u l t r a v i o l e t  r a d i a t i o n ,  fas ter  than they do on rough 

su r faces  and i n  dusty a i r  (Kichenko e t  a l .  , 1950; Ebe r t ,  Weil, 1955). 

Imshenetskiy (1964) suggested t h a t  a spore could be p r o t e c t e d  aga ins t  

u l t r a v i o l e t  r a d i a t i o n  i n  space by p r o j e c t i n g  s t r u c t u r a l  elements of t h e  dus t  

mote on which it was loca ted .  
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No. of  
Exper. 

1 
2 
3 
4 

The l i t e r a t u r e  contains  p r a c t i c a l l y  no d a t a  on t h e  depth of  p e n e t r a t i o n  /130 

(depending on r e l a x a t i o n  length)  of  ind iv idua l  rays  i n  t h e  u l t r a v i o l e t  

spectrum f o r  d iverse  subs tances ,  minerals ,  p o s s i b l e  carriers of  germs of  l i f e  

i n  space.  

dependent upon t h e  p r o p e r t i e s  of t h e  substance.  In  t h i s  connection, it was 

i n t e r e s t i n g  t o  determine t h e  p r o t e c t i v e  p o s s i b i l i t i e s  of dus t  of both cosmic 

and terrestr ia l  o r i g i n .  The ex is tence  o f  dus t  p a r t i c l e s  i n  t h e  upper layers  

of t h e  atmosphere i s  supported by t h e  r e s u l t s  of  c o l l e c t i n g  micrometeorites 

using rocke ts .  

88-168 km, only 20% turned out  t o  be s o l i d ,  near ly  s p h e r i c a l ,  resembling 

meteor i tes ;  t h e  remaining 80% had a completely t e r r e s t r i a l  shape with an open 

s t r u c t u r e  (Mikrometeority [Micrometeorites],  1963). I n  our experiments with 

dust  p a r t i c l e s  from t u f f ,  we obtained s i g n i f i c a n t  r e s u l t s .  

We know t h a t  t h e  r e l a x a t i o n  length of u l t r a v i o l e t  rays  i s  l a r g e l y  

Thus, out of  a l l  t h e  p a r t i c l e s  de tec ted  a t  an a l t i t u d e  of  

Dry spores  of BaeiiZZus m e g a t e r i m  ( i n  % of  t h e  c o n t r o l )  were pulver ized 

beneath a g l a s s  hood by means of a fan ,  which was replaced a f t e r  a c e r t a i n  

per iod  of  t i m e  following t h e  beginning of  p u l v e r i z a t i o n  of t h e  spores  by open 

s t e r i l e  P e t r i  d i shes .  Then a l a y e r  of dust  from t u f f  was appl ied t o  a p o r t i o n  

of t h e  "seeded" d i s h e s .  The spores which were placed i n  a t h i n  layer  i n  t h e  

dishes  and t h e  spores  which were covered with dus t  from above were subjec ted  

t o  t h e  a c t i o n  of u l t r a v i o l e t  rays  (BW-30P bulb) f o r  1 .5  hours .  Then the  

cont ro ls  (nonirradiated)  and t h e  experimental dishes  were f i l l e d  with meat- 

peptone agar and placed i n  a thermostat .  

developed, as a percentage o f  t h e  o r i g i n a l  number, served as an i n d i c a t o r  of 

t h e  p r o t e c t i v e  e f f e c t  of dus t  f o r  spores i r r a d i a t e d  with u l t r a v i o l e t  l i g h t .  

The number of colonies  which 

Spores Spores mixed No o f  Spores Spores mixed 
exper.  without with dust  

dus t  

5 . 3  
0 
5 
0 .7  

100 
63 
75 
25 

withoilt. k i t h  dust  
dust  

1 100 
0 64.5 
2.3 83 
1 100 

Alt..ough t h e  thickness  of t..e dus t  l a y e r  cou d no t  - e  s tandard ize(  from 

one experiment t o  t h e  n e x t ,  these  tes ts  d id  show t h a t  with a c e r t a i n  screen 
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t h i ckness  made of b i t s  o f  t u f f  d u s t  t h e  spo res  can r e t a in  t h e i r  v i a b i l i t y  

under uncond i t iona l ly  b a c t e r i c i d a l  doses of u l t r a v i o l e t  l i g h t .  

I r r a d i a t i o n  f o r  
1 . 5  h r s ,  dose = 
4 . 2 - 1 0 8  ergs/cm2 

I r r a d i a t i o n  f o r  
3 h r s ,  dose = 
8.4  l o 8  ergs/cm2 

I r r a d i a t i o n  f o r  
4 .5  h r s ,  dose = 

In  a d d i t i o n ,  r e t e n t i o n  o f  v i a b i l i t y  was e s t a b l i s h e d  f o r  a considerable  

number o f  spores  beneath r u s t  (formed af ter  p l a c i n g  a suspension o f  spores  

o f  B. megaterim on a s h e e t  of o rd ina ry  s t e e l )  when exposed t o  i r r a d i a t i o n  

by u l t r a v i o l e t  l i g h t  f o r  1 .5 ,  3 and 4.5 hours (doses:  4.2*108; 8 . 4 0 1 0 ~  and 

1.26- l o 9  ergs/cm2) . 

1 1UU 140 
2 240140 
3 240 150 
4 10U 000 

1 I00 200 
2 100 080 
3 IOU140 
4 100 047 

1 IOU 075 
2 240 285 
3 240110 

TABLE 2. EXPERIMENTS WITH SHEETS OF ORDINARY STEEL COATED WITH 
A LAYER OF RUST 

- -. -~ ~ . -  - - _--- 
Repe-@"umer-of m i n a t e d  Spores on Sheet 

t i o n  Control 

Variant  

ExDeriment I Experiment I1 
_ _ _ _  -~ __ ~- 

Control (without 
i r r a d i a t i o n )  

I 

1 4UU 060 
2 200120 
3 24U 1tij 
4 2U0097 

- ?io 000 
- 200 580 
- 240 700 
- 241J 105 

38,4 64 130 
92,3 40 570 
92,3 4s 700 
YS,4 - 

38,s 25 570 
38,4 126100 
38,4 68 080 
38,4 - 
3894 10 370 
92,4 24 160 
92,3 -- 
38.4 20 430 

- 
- 
- - 
28.4 
18 
20,2 

11.3 

30,2 

- 

55.9 

- 

4,6 
10.7 

9,06 
- 

NOTE. I n  experiment I ,  t h e  average number of spo res ,  equal t o  
was assumed t o  be 100%; i n  experiment 11, t h e  average number of  
spores  was equal t o  225350 and was cssuued t o  be 100%. 

260110,, 

------= _. - . ~ -- -- . . - __ . . - - 

T r a n s l a t o r ' s  Note: Commas i n d i c a t e  decimal p o i n t s .  

The percentage o f  germinated spores  r e l a t i v e  t o  t h e  con t ro l s  (non i r r ad i -  

a t e d  s h e e t s  made of  t h e  same m a t e r i a l ,  wi th  spores)  v a r i e d  depending on t h e  

thickness  and t h e  a r e a  of t he  l a y e r  o f  r u s t  which formed. With good covering, 

t h e  s u r v i v a l  r a t e  reached 92%, while on s h e e t s  made of s t a i n l e s s  s t e e l  t h e  

s u r v i v a l  rate f o r  spores  of B .  megaterim was only a thousandth of  a percent  

(Tables 2 and 3) .  I n  t h e s e  experiments,  t h e  spo res  of B.  megaterim That 
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were under t h e  p r o t e c t i v e  screen of  r u s t  r e t a i n e d  t h e i r  v i a b i l i t y  a t  doses of  

u l t r a v i o l e t  l i g h t  c l o s e  t o  those  which (according t o  t h e  above c a l c u l a t i o n s )  

may be received by a p a r t i c l e  covering t h e  d i s t a n c e  from Earth t o  Mars 

'(approximately equal  t o  7. 85*109 ergs/cm2).  

Cosmic d u s t  i s  composed o f  p a r t i c l e s  of ex t ra te r res t r ia l  o r i g i n  which,Ithanks 

t o  t h e i r  small  s i ze ,  do n o t  undergo considerable  hea t ing  when they s t r i k e  t h e  

E a r t h ' s  atmosphere and reach t h e  Ea r th  i n  an unchanged form. 

r e f e r r e d  t o  as micrometeori tes .  I t  i s  considered t h a t  space dus t  i s  of  

cometary o r i g i n  and r e p r e s e n t s  fragments with a d e n s i t y  from 3 t o  3 .5  g/cm3 o r  

7-8 g/cm3 ( i n  t h e  case when t h e  dus t  comes from i r o n - n i c k e l  bodies)  and may 

have a minimum dens i ty  on the  order  of 0 .05  g/cm3 ("dust b a l l s " ) .  The masses 

o f  t h e  p a r t i c l e s  which move i n  c i r c u l a r  o r b i t s  have a lower l i m i t  approximately 

equal t o  4*10-1° g a t  a d e n s i t y  o f  0 .05 g/cm3 and approximately 7*10-10 g with 

a d e n s i t y  of 3 .5  g/cm3. The i r  r e l a t i v e  v e l o c i t y  i s  less than  20 km p e r  second 

( J a f f e ,  Rittenhouse,  1962). The p a r t i c l e s  of  dus t  beyond t h e  l i m i t s  of t h e  

So la r  System, according t o  Shalen, 

r a r e l y  exceeding cm'. The i r  average d e n s i t y  i s  5.10-26 g/cm3. I n  terms 

o f  i t s  chemical composition, cosmic dus t  may be considered t o  be similar t o  

me teo r i t e s .  A l l  o f  t h e  me teo r i t e s  t h a t  s t r i k e  t h e  Earth e s s e n t i a l l y  f a l l  

i n t o  t h e  category of  s tony  me teo r i t e s  which contain 36% oxygen and 26% i r o n  

and sma l l e r  amounts of  s i l i c o n ,  magnesium, and aluminum, and i r o n  me teo r i t e s ,  

cons i s t ing  of  90% i r o n  and about 9% n i c k e l  (Ovenden, 1959) .  

They are usua l ly  

- /132 

have an average diameter of  5-10-6  cm, 

. . . . . . . . . .  CJpminaJ- ~ ~ ~ ~ 

a r i  ant  

ont r o  1 (without i rr adi a t  i on) 1 1040050 
2 1200570 

I r r a d i a t i o n  f o r  1 . 5  h r s ,  dose 1 71 
of  4 . 2  - 108 ergs/cm2 2 73 

I r r a d i a t i o n  f o r  3 h r s ,  dose 1 29 
of 8 . 4 0 1 0 ~  ergs/cm2 2 45 

I r r a d i a t i o n  f o r  4 .5  h r s ,  dose 1 63 

% of Control .~ 
I 

- _  
-- 

0.0063 
0.0065 - 
0.0025 
0.0041 
0.0056 

NOTE: The number of s p o r e s ,  equal t o  1120310, i s  taken t o  be 100%. 
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I n  o rde r  t o  determine how much of t h e  substance of t h e  me teo r i t e s  i s  

a b l e  t o  p r o t e c t  microorganisms aga ins t  l e t h a l  doses o f  u l t r a v i o l e t  r a d i a t i o n  , 
w e  prepared a r t i f i c i a l  micrometeorites from t h e  d u s t  of  t h e  s tony Kunashak 

me teo r i t e  (Imshenetskiy e t  a l .  , 1966). As t h e  b inde r ,  w e  used a 6% s o l u t i o n  

of  s o l u b l e  s t a r c h  containing spores  of  B. megaterim. Such micrometeorites , 
"sharpenedt' wi th  spores  , have a con ica l  shape. 

from 36 t o  145 microns; t h e  base measures from 0.15-0.15 mm t o  1.1 mm. In  

t h e s e  experiments , beneath a p r o t e c t i v e  l a y e r  o f  m e t e o r i t i c  substance measur- 

i n g  from 36 t o  145 microns,  spores  o f  B. megaterim r e t a i n e d  t h e i r  v i a b i l i t y  

under doses of  u l t r a v i o l e t  r a d i a t i o n  from 2 . 6 ~ 1 0 ~  ergs/cm2 t o  7.8.108 ergs/cm2. 

These a r e  enormous doses i f  we consider  t h a t  t h e  magnitude o f  t h e  energy a t  a 
d i s t a n c e  from t h e  Sun equal t o  t h e  d i s t a n c e  from t h e  Sun t o  t h e  Earth i n  t h e  

range o f  wavelengths from 2,500-3,000 1 i n  a y e a r ,  including s o l a r  f lares , i s  
equal  t o  5.1011 ergs/cm2. 

The he igh t  o f  t h e  cone i s  

/133 

La te r ,  we made at tempts  t o  e s t a b l i s h  t h e  minimum th i ckness  of t he  metal 

s h i e l d  which could p r o t e c t  microorganisms aga ins t  t h e  b a c t e r i c i d a l  doses of 

u l t r a v i o l e t  r a d i a t i o n  (Imshenetskiy e t  a1 . , 1967) .  As t he  p r o t e c t i v e  m a t e r i a l ,  

w e  chose chromium. The technique o f  applying i t  t o  t h e  spores  of micro- 

organisms was t h e  same as f o r  atomizing p repa ra t ions  f o r  e l e c t r o n  microscopy. 

A suspension of  BaciZZus cereus spores  was app l i ed  t o  g l a s s  s l i d e s  so t h a t  a 

l a y e r  on t h e  g l a s s  cons i s t ed  o f  a s i n g l e  row of c e l l s  (checked under t h e  

microscope).  Then t h e  l a y e r  o f  spores was covered with a f i l m  of  chromium 

whose th i ckness  v a r i e d .  The spores ,  covered with a l a y e r  of chromium, were 

sub jec t ed  t o  the  a c t i o n  of  u l t r a v i o l e t  r a d i a t i o n  f o r  t h r e e  hours ( a  dose of  

7.8.107 ergs/cm2).  

i r r a d i a t e d  a reas  and t h e  s l i d e s  were then placed i n  a thermostat  f o r  48 hours 

a t  28". 

As c o n t r o l s ,  spores  were grown which were covered with a f i l m  o f  chromium but  

were n o t  i r r a d i a t e d  with u l t r a v i o l e t  l i g h t .  

As w e  can see from Table 4,  i n  experiments where t h e  th i ckness  of  t h e  

A drop of l i q u i d  meat-peptone aga r  was placed on t h e  

In  t h i s  manner, t h e  a b i l i t y  o f  t h e  spores  t o  germinate was checked. 

chromium f i l m  was l e s s  than 788 8, t h e  growth of  spores  of B. cereus d i d  no t  

t ake  p l ace  fol lowing i r r a d i a t i o n .  Chromium f i l m s  788 R and more t h i c k  pro-  

t e c t e d  t h e  spo res  o f  B. cereus a g a i n s t  harmful effects o f  u l t r a v i o l e t  l i g h t .  
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Chromium F i l m  

I r r a d i  a t  i o n  

200 
408 
445 
446 
541 
594 
595 
670 
788 
81 8 
820 

1040 
1160 
1507 
1566 
1606 
1712 
2600 

NOTE : 

- _. 

__ - 
without- 
I r r a d i a t i o n  - 

- 
- 
- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+, growth of B. 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

cereus; -, absence of growth of  B 

+ 
+ 
+ 
i 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

cereus. 

Both according t o  t h e  c a l c u l a t i o n s  o f  Arrhenius and according t o  those of 

Sagan, given below, p a r t i c l e s  of very small s i z e  could wander i n  i n t e r p l a n e t a r y  

space under t h e  p r e s s u r e  o f  l i g h t  r a y s .  

space f a c t o r s  on v i a b l e  embryos 

problem of p o s s i b l e  p r o t e c t i o n  of them agains u l t r a v i o l e t  r a d i a t i o n .  

r e s u l t s  o f  our  experiments with chromium f i lms  has  shown t h a t  p a r t i c l e s  l i k e  

those about which we a r e  speaking can provide such p r o t e c t i o n .  A s  a ma t t e r  of 

f a c t ,  a sphere with a diameter of  approximately 0.6 micron made of  a m a t e r i a l  

s imilar  t o  an i r o n  me teo r i t e  with a wa l l  t h i ckness  on t h e  o rde r  of 800 A 

could be a r e l i a b l e  p r o t e c t o r  f o r  a microbe whose diameter d id  not exceed 

0.4 micron. A t  t h e  p r e s e n t  t ime,  such microorganisms a r e  known. Some of  

t h e  smallest l i v i n g  c e l l s  a r e  the  r e p r e s e n t a t i v e s  o f  t h e  o rde r  Mycoplasmatales . 
These b a c t e r i a  measure from 0.1-0.15 micron t o  0 .2-0.7 micron ( N i k i t i n  e t  

a l . ,  1966) . These a l s o  inc lude  t h e  pleuropneumonia-like organisms (PPLO) and 

This may be why, when the  a c t i o n  o f  

i s  evaluated,  no a t t e n t i o n  i s  given t o  t h e  

The 

0 
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t h e  f i l t r a b l e  forms o f  ordinary b a c t e r i a .  According t o  t h e  d a t a  of Morovitts 

and T u r t e l o t t  (1964), more than  30 s t r a i n s  of  PPLO have been i s o l a t e d  from 

s o i l ,  drainage water ,  e t c .  

(Krasi l 'n ikov,  1949) are a l s o  smaller than 0.2-0.5 micron f'I?/Jicrococcus 

subtiZis -- 0.3-0.5 micron; M. minimus -- 0.2-0.3 micron; M. aquatiZis -- 
0 . 3  micron). Usually,  dimensions from 0.15-0.5 - -  1 . 0  micron t o  2 - -  3-15 -- 
20 microns are given f o r  known b a c t e r i a l  organisms (Nik i t in  e t  a l . ,  1966). 

However, t h i s  i s  v a l i d  from microbes which grow on n u t r i e n t  media under 

laboratory condi t ions.  

s i z e s .  

Several  r e p r e s e n t a t i v e s  of  t h e  genu5 Micrococcus 

I n  n a t u r e ,  s a l t  microorganisms have much smal le r  

Hence, it follows from a l l  of t h e  above t h a t  i t  i s  comparatively easy t o  

p r o t x t  l i v i n g  c e l l s  aga ins t  t h e  e f f e c t s  of  u l t r a v i o l e t  l i g h t ,  so  t h a t  w e  

cannot consider  t h i s  extrema1 f a c t o r  o f  t h e  space environment t o  be c r i t i c a l  

i n  an evaluat ion of t h e  p o s s i b i l i t y  of t r a n s p o r t i n g  v i a b l e  microorganisms 

from one p l a n e t  t o  another .  

space medium as a s t e r i l i z i n g  agent ,  and t h e r e  is  t h e r e f o r e  no b a s i s  f o r  

e l imina t ing  s t e r i l i z a t i o n  of t h e  sur faces  o f  s p a c e c r a f t .  

In  t h i s  connection, we a l s o  cannot include t h e  
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METEORITES AND LIFE 

G .  P .  Vdovykin 

ABSTRACT. Study o f  t h e  na tu re  o f  hydrocarbons, amino a c i d s ,  
and large-molecule o rgan ic  compounds i n  chondr i t e  me teo r i t e s  
from t h e  viewpoint o f  t h e  o r i g i n  o f  l i f e  on E a r t h .  
shown t h a t  o rgan ic  compounds i n  me teo r i t e s  are formed by 
ab iogene t i c  r e a c t i o n s .  Also, no f o s s i l i z e d  microorganisms 
were d e t e c t e d  i n  m e t e o r i t e s .  Poss ib l e  ways o f  seeding l i f e  
on Ea r th  by m e t e o r i t e s ,  and t h e  p o s s i b l e  c o n t r i b u t i o n  o f  
m e t e o r i t i c  o rgan ic  compounds t o  t h e  formation o f  l i f e  on 
Ea r th  are d i scussed .  

I t  i s  

The problem o f  t h e  o r i g i n  of  l i f e  has acquired considerable  t ime l ines s  

r e c e n t l y  i n  conjunct ion with t h e  ex tens ive  experimental  s t u d i e s  o f  t h e  

heavenly bod ies .  Meteori tes  a r e  p a r t i c u l a r l y  important i n  t h i s  r ega rd .  

Recent d e t a i l e d  s t u d i e s  of  me teo r i t e s  have shown t h a t  they con ta in  com- 

p l e x  o rgan ic  substances of  a r ad iogen ic  n a t u r e  which have c e r t a i n  similari t ies 

t o  t e r res t r ia l  o rgan ic  compounds. The same substances can be obtained syn- 

t h e t i c a l l y  from simple o r i g i n a l  compounds when they a r e  i r r a d i a t e d  o r  heated.  

I n  m e t e o r i t e s ,  carbon has o t h e r  forms i n  which it occur s ,  t h e  most i n t e r e s t i n g  

of  which i s  diamond. 

/136 - 

On t h e  b a s i s  of  t h e  r e s u l t s  of a s tudy  o f  m e t e o r i t i c  carbonaceous sub- 

s t a n c e s ,  a new branch of  s c i e n c e  has grown up - -  t h e  cosmochemistry of carbon, 

dea l ing  with two b a s i c  problems - -  t h e  o r i g i n  o f  o rgan ic  compounds i n  t h e  

S o l a r  System and t h e  o r i g i n  of e x t r a t e r r e s t r i a l  diamonds. 

i s  s imultaneously t h e  b a s i s  f o r  t h e  problem of another  new sc i ence  - -  exo- 

biology,  which s t u d i e s  t h e  p o s s i b l e  forms of ex i s t ence  of e x t r a t e r r e s t r i a l  

l i f e ,  The o t h e r  problem of cosmochemistry of carbon i s  s imultaneously l inked 

t o  t h e  problem of c o l l i s i o n s  between l a r g e  heavenly bod ies .  

The f irst  o f  t h e s e  

In  t h i s  paper ,  we s h a l l  d i scuss  some of  t h e  problems o f  exobiology and 

t h e  o r i g i n  of l i f e  on Ea r th ,  i n  which w e  may be aided by t h e  r e s u l t s  o f  a 

s tudy made by Vdovykin (1967) deal ing with m e t e o r i t i c  o rgan ic  compounds. 
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Nature o f  Organic Compounds o f  Meteori tes  

Carbonaceous chondri tes  are enriched with organic  compounds ; they  are 
r a r e  s tony meteor i tes ,  o f  which about 30 have been found s o  f a r .  

The first carbonaceous chondri te  (Ale) f e l l  i n  France i n  1806; it weighed 

260 grams. The most recent  carbonaceous chondri te ,  Revelstouk, weighing one 

gram, f e l l  i n  Canada i n  1965. I n  our  country,  carbonaceous chondri tes  have 

f a l l e n  a l s o :  Groznaya ( i n  1861), Migei ( i n  1889), Staroye Boriskino ( i n  1930). 

When they f l y  through t h e  atmosphere i n  t h e  braking region at  an a l t i t u d e  of 

about 10-20 km, t h e  meteor i tes  break up i n t o  s e v e r a l  p i e c e s .  Hence, a 

meteor i te  f requent ly  c o n s i s t s  of s e v e r a l  ind iv idua l  examples (Figure 1 ) .  

Carbonaceous chondri tes  d i f f e r  from o t h e r  meteori tes  i n  t h e  high con- 

t e n t  of  carbon (up t o  4.6%) , t h e  presence of  water ,  included i n  t h e  l a t t i ce  of  

t h e  iron-magnesium s i l ica tes  ( t h e  c h l o r i t e - s e r p e n t i n e  t y p e ) ,  t h e  presence of 

carbonates,  n a t i v e  sulphur  and o t h e r  c h a r a c t e r i s t i c s  of  t h e i r  chemical, 

mineral  and s t r u c t u r a l  composition. On the b a s i s  of these  c h a r a c t e r i s t i c s ,  

Wiik  (1956) divided carbonaceous chondri tes  i n t o  t h r e e  types (groups) : 

Orgey, Cold Bokkeveld, Fe l ix .  

The author  s t u d i e d  t h e  organic  substances i n  t h e  Orgey, ( type I )  , Migei, 
Staroye Boriskino, Cold Bokkeveld, Marrey ( type 11) and Groznaya. The 

chemical composition, s t r u c t u r a l  f e a t u r e s  , nature  and o r i g i n  of m e t e o r i t i c  

organic  compounds a r e  discussed i n  d e t a i l  i n  a monograph (Vdovykin, 1967). 

The content  of organic  compounds i n  carbonaceous chondrites reaches 7% , 
with about one-tenth o f  them s o l u b l e  i n  organic  s o l v e n t s .  This i s  t h e  so- 

c a l l e d  bituminous substance.  The remainder of t h e  organic  mat te r  cannot be 

e x t r a c t e d  by s o l v e n t s ,  and have t h e r e f o r e  been only s l i g h t l y  i n v e s t i g a t e d  n o t  

only i n  meteori tes  but  i n  o r e s .  

~ /137 

The complex mixture of  organic  substances i s  d i s t r i b u t e d  more o r  less 

uniformly i n  terms of volume i n  carbonaceous chondri tes  which a r e  between t h e  

gra ins  of s i l i c a t e s  or Donders. Frequently t h e  carbonaceous m a t e r i a l  i s  

a l s o  found i n s i d e  ind iv idua l  s i l i c a t e  g r a i n s .  I n  some ins tances  , organic  

substances a r e  found i n  meteori tes  of  o t h e r  types -- ordinary chondr i tes ,  
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Figure 1. Orgey Carbonaceous Chondri te .  
Various ind iv idua l  examples from a 
me teo r i t e  shower i n  va r ious  p o s i t i o n s .  
Considerably reduced. 

diamond- cont a i n i n g  achondri tes  

u re i l i t e s ,  i n  t h e  g r a p h i t e  

nodules of  i r o n  m e t e o r i t e s .  

The composition o f  o rgan ic  

subs t ance  making up carbonaceous 

chondr i t e s  has  been found t o  

con ta in  p a r a f f i n  aromatic  hydro- 

carbons,  and oxygen-containing 

compounds (Vdovykin, 1967). I t  

has  been shown (Meinschein, e t  

a l . ,  1963) t h a t  t h e  hydrocarbons 

are a complicated mixture of  

compounds. Recently S t u d i e r  

e t  a l . ,  (1968) and Oro e t  a l .  , 
(1966) s t u d i e d  the  hydrocarbons 

i n  carbonaceous chondri tes  with 

t h e  a i d  of a combination gas- 

chromatograph and mass spec t ro -  

meter, t h e  LKB-9000, whose 

r e so lv ing  power is  1,000, whose range of masses i s  1,200, with a s e n s i t i v i t y  

of 0 .01 microgram f o r  a s o l u t i o n  and 0 . 1  microgram f o r  a s o l i d .  

showed t h a t  t h e  d i s t r i b u t i o n  of  hydrocarbons i n  carbonaceous chondr i t e s  i s  

somewhat similar t o  t h e  d i s t r i b u t i o n  of  hydrocarbons i n  anc ien t  sedimentary 

rocks ,  and a l s o  i n  t h e  products  of abiogenic  s y n t h e s i s ,  which S t u d i e r  e t  a l .  , 
(1968) produced from CO and H 2  according t o  Fisher-Tropsh (Figures  2 and 3 ) .  

They 
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In  a l l  of t h e  carbonaceous chondri tes  which were s t u d i e d  by Oro, i s o -  

The most f r equen t  of  them were p r i s t a n e ,  prenoid hydrocarbons were found. 

phytane, n o r p r i s t a n e  (0.35-8. 10.10-4%). 

i n  the  d i r e c t i o n  o f  t h e  carbonaceous chondri tes  of  t h e  I11 type .  I t  i s  f e l t  

t h a t  t he  isoprenoids  a r e  products of conversion of s t e r o i d s  which e n t e r  i n t o  

t h e  composition of  l i v i n g  substance.  Therefore ,  t h e  quest ion has  a r i s e n  as 

whether o r  no t  isoprenoids  i n  carbonaceous chondri tes  are an i n d i c a t i o n  of 

contamination of t h e s e  me teo r i t e s  under t e r r e s t r i a l  cond i t ions .  As a matter  of 

The t o t a l  content  of  alkanes increased 
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f a c t ,  i n  t h e  Groznaya meteor i te ,  f o r  example, an unusually high content of  

alkanes was found, inc luding  isoprenoids ,  4 1 2 0 1 0 - ~ %  (Oro e t  a l .  , 1966). 

author  of t h e  present  a r t i c l e  s e n t  Oro a l i t t l e  p iece  of t h e  Groznaya meteor- 

i t e ,  taken from t h e  i n t e r n a l  p a r t  of t h e  la rge  sample of t h e  meteori te  f o r  

addi t iona l  t e s t i n g  of  t h e  p u r i t y  of  t h e  sample of meteor i te  which t h e  author  

examined (Vdovykin, 1967). This sample of  t h e  Groznaya meteori te  was a l s o  

found t o  contain isoprenoids  (Oro, Gelpi , 1968) , but  t h e i r  quant i ty  ( 7 0 1 0 - ~ %  

alkanes) f e l l  wi th in  t h e  limites of v a r i a t i o n  of t h e  content of isoprenoids  i n  
o ther  meteori tes  of t h i s  group, i .e.  , t h e  sample of t h e  Groznaya meteori te  

which was s e n t  w a s  no t  contaminated under t e r r e s t r i a l  condi t ions.  The i so-  
prenoid hydrocarbons , as was demonstrated experimentally by S t u d i e r  e t  a l .  

(1968) may have been formed by means o f  inorganic  synthes is  (Figure 4) .  

The 

/139 

370 360 35U 

Figure 2 .  

Ext rac t  From t h e  Orgey Meteori te  ( a ) ;  I n  Products I s o l a t e d  During Heat- 
i n g  t o  200", Marrey Meteori te  (b) ;  I n  a Synthe t ic  Product Formed by t h e  

Fisher-Tropsh Reaction, CO+S2 ; 150-350" (c) (S tudier  e t  a l . ,  1968). 

I ,  I n t e n s i t y  of peaks a t  t h e  output of  an e l e c t r o n i c  m u l t i p l i e r ;  1, n-CI5; 

2 ,  Olef ins  CIS; 3, Olef ins  (C,,?); 4 ,  Dimethylnaphthaline; 5 ,  Olef ins;  

6 ,  Trimethyl te t radecane (C15) ; 7, 2-methyltetradecane (C 

p a r a f f i n s  (C15) ; 9,  2,3-dimethyltetradecane (C 

12, 3,4-dimethyltetradecane (C ); decane (C,,?); 11, Olef ins ,  C15, 
13, 4,s-dimethyltetradecane (Cis) ; 14, 

Olef ins  C15; 19, Branched p a r a f f i n s ,  C15; 20, n-C14; 2 1 ,  Olef ins ,  '15' 

Spectrograms o f  The Hydrocarbon S e r i e s  C14-C19 I n  a Benzene 

D 

) ; 8 ,  Branched 15 
) ; 10,  2 ,s-dimethyl te t ra-  15 

15 
Olef ins  C15; 15, Olef ins ;  16-18 
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I n  a d d i t i o n  t o  t h e  

hydrocarbons i n  t h e  carbon- 

aceous chondr i t e s ,  var ious 

i n v e s t i g a t o r s  have found 

aromatic  and f a t t y  a c i d s ,  

as w e l l  as o rgan ic  substances 

which con ta in  su lphur  and 

c h l o r i n e  ( thiophenes,  a l k y l -  

c h l o r i d e s ,  e t c . ) ,  amino ac ids  

and carbohydrates ,  n i t r o u s  

c y c l i c  compounds (purins  , 
t r i a z i n e s ) .  

The author  s t u d i e d  aminc /140 - 
ac ids  i n  t h e  carbonaceous 

chondr i t e s  c a l l e d  Migei, 

Staroye Boriskino and 

Groznaya. Samples of t h e  

me teo r i t e s  weighing 2 grams, 

taken from t h e  i n t e r n a l  

Figure 3 .  Chromatograms of Alkanes Iso-  p o r t i o n  of  l a rge  samples,  
l a t e d  From The Orgey (a) and Migei (b)  
Meteori tes  (Oro e t  a l . ,  1966) and Alkanes were t r e a t e d  with 2 N H C 1  and 

I s o l a t e d  From Shales  of t h e  Gunfl int  HF a f te r  being pu lve r i zed ,  
Formation (1.9 b i l l i o n  yea r s )  (c) 

(Or0 e t  a l . ,  1965). 
P = P r i s t a n e ;  Ph = Phytane. 

~- 

and then heated s l i g h t l y  f o r  

a long t ime t o  f r e e  t h e  

carbonaceous m a t e r i a l .  The 

r e s idue  was hydrolyzed f o r  24 hours with 6 N H C 1  a t  110'. 

t h e  hydrolysates  f o r  t h e i r  content  of  amino ac ids  us ing  t h e  paper chromatog- 

raphy method (mobile s o l v e n t :  n-butyl  a lcohol  -- a c e t i c  a c i d  -- wate r ,  

4:l:S.). Following s t a i n i n g  with ninhydrin,  a s e r i e s  of  amino ac ids  appeared 

on t h e  chromatograms. 

l y s i n e ,  h i s t i d i n e  ( b a s i c ) ,  a s p a r t i c  and glutaminic  a c i d  ( a c i d ) ,  g lyc ine ,  

a l a n i n e ,  s e r i n e ,  v a l i n e ,  t r e o n i n e  and a l s o  t r a c e s  of  l euc ine  ( n e u t r a l ) .  The 

Staroye Boriskino me teo r i t e  was found t o  contain l y s i n e ,  a s p a r t i c  and 

The author  s t u d i e d  

The Migei me teo r i t e  was found t o  contain 9 amino a c i d s :  
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g lutaminic  ac ids  , glyc ine  , a lan ine ,  

s e r i n e ,  v a l i n e  and t reonine .  The 

Groznaya meteor i te  contained s i x  

amino ac ids :  a s p a r t i c  and g lu ta -  

minic a c i s ,  g lyc ine  , a lan ine  , ser- 
ine ,  and v a l i n e .  In  a l l  t h r e e  

meteor i tes ,  such amino ac ids  as 

g lyc ine  (glycocol l )  and alamine 

(Figure 5) were most p l e n t i f u l .  
Figure 4. 
prenoid Hydrocarbon , CllHZ4 of 

t h e  Marrei Meteorite (a) and 
Deuterated Isoprenoid Hydrocarbon 
CllDZ4, Synthesized from CO and D2 

(Catalyst  - -  i r o n  meteor i te ,  
Canon Diablo ( b ) .  

I ,  Relat ive I n t e n s i t y  of Peaks. 

Mass Spec t ra  of I so-  This  agrees with o ther  d a t a  on t h e  

d i s t r i b u t i o n  of  amino ac ids  i n  
meteori tes  (Kaplan e t  a l .  , 1963). 

For a comparison, t h e  author  

s t u d i e d  amino acids  i n  s e v e r a l  

t e r r e s t r i a l  n a t u r a l  formations.  

Petroleum from t h e  Akhtyrsko- 

Bugundyrskiy depos i t  i n  t h e  northwestern f o o t h i l l s  of t h e  Caucasus (No. 3 

w e l l ,  Sarmatian) was found t o  contain t h e  following amino acids  ( i n  order  

of  decreasing content)  : aminobutyric acid , v a l i n e  , a l a n i n e ,  glutaminic  ac id  , 
a s p a r t i c  ac id  , lyc ine ,  h i s t a d i n e  and glycine.  

of reduct ion i n  content o f  amino acids  was observed i n  o t h e r  petroleums 

(Degens, Bajor,  1960) , with 10 amino acids  being found. 

Approximately t h e  same order  

The s t r a t a l  water i n  t h e  northwestern f o o t h i l l s  o f  t h e  Caucasus (Labinsk, 

Well No. 1, Cretaceous,  depth of 2 2 5 8  m) contains  t h e  following amino ac ids :  

h i s t a d i n e  , a s p a r t i c  a c i d ,  v a l i n e  , glutaminic  acid and probably amides as w e l l .  

Only t h r e e  amino acids  (a lan ine ,  glutaminic  ac id  and h i s t a d i n e )  have been 

found i n  t h e  Karelian Schungite s h a l e .  

Hence, a g r e a t  many d i f f e r e n t  organic  substances have been i d e n t i f i e d  i n  

carbonaceous chondri tes  , inc luding  a number of  i n d i v i d u a l  compounds. I t  was 

decided t o  check f o r  t h e  presence of porphyrins i n  t h e  meteor i tes .  

t h e  benzene e l u a t e  of t h e  Orgey meteor i te  revealed t h a t  i t  may contain 

vanadium-porphyrin complexes with a r e l a t i v e  content o f  

A s tudy of 

(Hodgson , Baker , 
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1964). I n  s tudying t h e  Migei meteor i te ,  w e  were unable t o  f i n d  i n  i t  t h e  

ex is tence  of porphyrin pigments (Vdovykin, 1967) . 
We were p a r t i c u l a r l y  i n t e r e s t e d  i n  t h e  high-molecular organic  compounds 

i n  t h e  carbonaceous chondri tes  -- polymer substances t h a t  were i n s o l u b l e  i n  

organic  s o l v e n t s .  The au thor  i s o l a t e d  them by t r e a t i n g  meteor i te  powder with 

HF and H C 1  with weak prolonged hea t ing  (Vdovykin, 1967). The content  of  these  

substances decreased from carbonaceous chondri tes  (Type I )  t o  meteor i tes  of 

type 111. The s t r u c t u r a l  s t u d i e s  which we performed i n d i c a t e d  t h a t  t h e  degree 

o f  carbonizat ion of  t h e  compounds represented by t h e  high molecular substances 

with condensed aromatic s t r u c t u r e  increased i n  t h e  same d i r e c t i o n .  Thei r  

i n f r a r e d  spectrum (Figure 6) showed absorpt ion bands a t  1080-1175 cm-l, caused 

by aromatic C-H bonds a t  1440 cm-l ( t h e  deformed OH group o f  t h e  carboxyl o r  

a lcohols)  and 1660 cm-’ ( v a r i a t i o n s  - -  C = 0,  probably i n  t h e  carboxyl group 

o r  v a r i a t i o n s  connected with the  aromatic group).  The i n f r a r e d  absorpt ion 

spectrum of  t h i s  substance,  i s o l a t e d  from t h e  Migei meteor i te ,  i s  q u i t e  

s i m i l a r  t o  t h e  absorpt ion spectrum of  kerogen, removed from ancien t  s h a l e s .  

I n  cont ras t  t o  t e r r e s t r i a l  organic  compounds, t h e  high-molecular organic  sub- 

s tance  of carbonaceous chondri tes  , l i k e  bituminous substance,  contains  

ch lor ine .  For example, t h e  organic  substance of t h e  Staroye Borinskino 

meteor i te ,  according t o  our d a t a ,  contains  2.56% chlor ine  (Vdovykin, 1967). 

Recently Raya ( c i t e d  i n  Hayes, 1967) i s o l a t e d  polymer organic  substance i n  a 

similar fashion from t h e  Orgey meteori tes  and determined i t s  elementary compo- 

s i t i o n  ( in  % ) :  C - -  70.39, H - -  4.43, C 1  - -  1 . 2 2 ,  F -- 1.25, N -- 1.59, 

S - -  6.91, 0 - -  9.80 ( d i r e c t  determinat ion) ,  ash -- 4.58. 

Organic compounds i n  meteor i tes ,  as w e  see, have c e r t a i n  similari t ies t o  

t e r r e s t r i a l  organic  substances of biogenic  na ture  and t o  products of 

abiogenic s y n t h e s i s .  

As products of abiogenic s y n t h e s i s ,  organic  compounds i n  meteori tes  a r e  

o p t i c a l l y  i n a c t i v e .  

1. The organic  compounds en tered  t h e  meteori tes  under terrestr ia l  con- 

d i t i o n s  , i . e . ,  these  substances have a t e r r e s t r i a l  b iogenic  n a t u r e .  The 

enrichment of t h e  carbonaceous chondri tes  alone with organic  compounds and 
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s e v e r a l  d i f f e r e n c e s  i n  t h e  composition of  organic  substances i n  meteori tes  

from t e r r e s t r i a l  b iogenic  compounds do not  cont rad ic t  t h e  contamination o r i g i n  

of  t h e  m e t e o r i t i c  organic  substances.  

2. The organic  substances i n  meteori tes  were formed as a r e s u l t  o f  

e x t r a t e r r e s t r i a l  b iogenic  processes .  

i t e s  i n d i c a t e  t h a t  t h e  bodies  from which t h e  meteori tes  were o r i g i n a l l y  formed 

were o f  small  s i z e .  The a s t e r o i d s  lack conditions favorable  f o r  t h e  develop- 

ment and evolut ion o f  l i v i n g  mat te r .  

i n  meteor i tes ,  i n  c o n t r a s t  t o  b iogenic  compounds, is  simpler and o p t i c a l l y  

a c t i v e  substances have n o t  been r e l i a b l y  determined i n  them. 

o t h e r  p e c u l i a r i t i e s  of  m e t e o r i t i c  organic  compounds a l s o  f a i l  t o  support  

t h e i r  e x t r a t e r r e s t r i a l  b iogenic  n a t u r e .  

Modern d a t a  on t h e  s t r u c t u r e  of meteor- 

The composition of t h e  organic  substance 

A number of 

3. Organic compounds i n  meteori tes  were formed as t h e  r e s u l t  o f  chemical 

processes  during t h e  formation of a l l  m e t e o r i t i c  substance.  E x t r a t e r r e s t r i a l  

radiogenic  na ture  of m e t e o r i t i c  organic  compounds i s  supported by t h e  

s i m i l a r i t y  o f  t h e s e  substances t o  t h e  products of laboratory s y n t h e s i s ,  and 

increased  content of deuterium, i n t e r a c t i o n  o f  organic  substance and mineral  

phases i n  carbonaceous chondr i tes .  
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Figure 6 .  I n f r a r e d  Absorption 

Organic Substance I s o l a t e d  From 
t h e  Migei Meteori te .  

I 
I 1- - _-- Spectrum o f  High-Molecular 

Figure 5. Rela t ive  Content of  Amino 
Acids i n  Hydrolysates from Carbonaceous 
Meteori tes  Migei ( a ) ,  Staroye Boriskino (b),  
Groznaya (c)  and Some Natural  Terrestrial 
Objects : Petroleum (d) , S t r a t a l  Water (e)  
and Schungite (f): 1 ,  Lysine; 2 ,  H i s t i d i n e ;  
3,  Aspar t ic  ac id ;  4, Glutaminic ac id ;  5, 
Glycine; 6, Alanine; 7, Ser ine ;  8, Valine; 
9, Treonine. 
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Do Meteori tes  Provide Evidence of  E x t r a t e r r e s t r i a l  L i f e?  

Under t e r res t r ia l  cond i t ions ,  as we know, t h e  p rocess  of  conversion o f  

sediments i n t o  rock involves  t h e  f o s s i l i z a t i o n  o f  t h e  o rgan ic  remains contained 

i n  them. 

t h e  f o s s i l i z e d  p e t r i f i e d  remains. 

me teo r i t e s  ? 

The methods of b i o s t r a t i g r a p h y  are based on t h e  r e s u l t s  o f  s tudy  o f  

Are t h e r e  similar f o s s i l i z e d  remains i n  

I n  s tudying t h e  o rgan ic  matter i n  carbonaceous chondr i t e s ,  t h e  author  

found t h a t  t h e  dark carbonaceous material, opaque under t h e  microscope, con- 

t a i n e d  luminous ( i n  u l t r a v i o l e t  l i g h t )  round microinclusions of  bituminous 

material (Vdovykin, 1960, 1965, 1967).  

Claus and Nagy (1961), on t h e  b a s i s  of t h e  morphological s i m i l a r i t y ,  

descr ibed microinclusions which were luminous i n  u l t r a v i o l e t  l i g h t  from t h e  

Orgey and Ivuna me teo r i t e s  as remains of  f o s s i l i z e d  microorganisms from o u t e r  

space.  These "organized elements", as  descr ibed by t h e  i n v e s t i g a t o r s  , had a 

round, c y l i n d r i c a l ,  hexagonal shape and measured from 4 t o  30 microns.  

were 1700 p a r t i c l e s  p e r  mil l igram of  t h e  me teo r i t e  sample. 

t h e  morphological f e a t u r e s  and t h e  r e a c t i o n s  t o  s t a i n i n g ,  Claus and Nagy 

suggested t h a t  t h e  me teo r i t e s  contained e x t r a t e r r e s t r i a l  l i f e  forms. L a t e r ,  

Nagy and o t h e r  i n v e s t i g a t o r s  performed a number o f  a d d i t i o n a l  ana lyses .  The 

n a t u r e  o f  t h e  "organized elements" evoked cons ide rab le  d i scuss ion  i n  t h e  

l i t e r a t u r e .  

There 

On t h e  b a s i s  of  

The author  performed a morphological s tudy  o f  t h e  "organized elements" 

using t h e  Migei me teo r i t e  (Vdovykin, 1964). Powder from t h i s  me teo r i t e  was 

s e n t r i f u g e d  i n  l i q u i d  with d i f f e r e n t  d e n s i t i e s  (chloroform, bromoform-acetone, 

bromoform). The f r a c t i o n s  were found t o  contain g r a i n s  o f  s i l i c a t e s  which had 

a rounded shape and measured up t o  64 microns. 

wrapped i n  carbonaceous substance i m i t a t i n g  formed elements.  

which luminesced i n  u l t r a v i o l e t  l i g h t  were concentrated i n  t h e  f r a c t i o n s  

with a dens i ty  of  1.5-2.88. 

c l u s i o n s .  

authors  may have been sub jec t ed  t o  t e r r e s t r i a l  contamination. Consequently , 
t h e  micropart i  c l e s  descr ibed as "organized elements" a r e  mineral  g ra ins  t h a t  

Frequent ly  t h e  g r a i n s  were 

The p a r t i c l e s  

This cons i s t ed  p r i m a r i l y  of  t he  bituminous i n -  

The f r a c t i o n  with t h i s  dens i ty  i n  t h e  tes ts  performed by o t h e r  
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belong t o  t h e  me teo r i t e s  b u t  are a l s o  t h e  r e s u l t  o f  random contamination 

under terrestr ia l  cond i t ions .  We have no b a s i s  f o r  consider ing t h a t  me teo r i t e s  

c a r r y  t r a c e s  of  e x t r a t e r r e s t r i a l  l i f e .  

In add i t ion  t o  t h e  d i r e c t  i n d i c a t i o n s  of  e x t r a t e r r e s t r i a l  l i f e  -- 
f o s s i l i z e d  microorganisms -- t h e r e  may be i n d i r e c t  i n d i c a t i o n s ,  i n  p a r t i c u l a r ,  

t h e  presence of  free o rgan ic  r a d i c a l s .  

Free organic  r a d i c a l s  -- a r e  p a r t i c l e s  of molecules t h a t  have unpaired 

e l e c t r o n s  i n  t h e i r  s t r u c t u r e ,  which cause paramagnetic c h a r a c t e r i s t i c s  o f  t h e  

p a r t i c l e s .  Free r a d i c a l s  are c h a r a c t e r i s t i c  of l i v i n g  m a t t e r .  I t  has been 

e s t a b l i s h e d  t h a t  va r ious  processes  of conversion of  o rgan ic  compounds i n  
na tu re  t a k e  p l ace  with t h e i r  p a r t i c i p a t i o n .  

coa l ,  p e a t ,  e t c .  In  t h e s e  substances,  t h e  s t a b i l i t y  of  t h e  s t a b l e  f r e e  

r a d i c a l s  i s  determined by t h e  high degree of d i s l o c a t i o n  o f  t h e  unpaired 

n -e l ec t rons  i n s i d e  t h e  complex aromatic s t r u c t u r e .  However, s t a b l e  f r e e  

r a d i c a l s  a r e  a l s o  contained i n  carbonaceous substances whose formation does 

no t  involve biogenic  a c t i v i t y .  

They have been found i n  petroleum, 

I n  our  s tudy involving t h e  use  of t he  method of e l e c t r o n  paramagnetic 

resonance (EPR) ,  f r e e  r a d i c a l s  were found i n  t h e  composition of high-molecular 

o rgan ic  substance from t h e  carbonaceous chondr i t e s  of  t h e  Orgey, Migei, 

Staroye Boriskino, Cold Bokkeveld and a number o f  o t h e r  carbonaceous materials. 

In  t h e  EPR s p e c t r a ,  r a t h e r  i n t e n s i v e  l i n e s  of paramagnetic absorpt ion 

with s i m i l a r  parameters a r e  found i n  m e t e o r i t e s ;  t h e i r  g - f a c t o r  i s  2.002-2.003, 

AH 6 u n i t s .  This i n d i c a t e s  t h a t  unpaired n -e l ec t rons  a r e  d i s l o c a t e d  i n  t h e  

complex aromatic s t r u c t u r e  o f  high-molecular o rgan ic  substance i n  m e t e o r i t e s .  

Consequently, t h e  f r e e  r a d i c a l s  develop s imultaneously with t h e  formation 

o f  t h e  e n t i r e  polymer organic  substance i n  carbonaceous chondri tes  , i . e . ,  a t  

an e a r l y  s t a g e  of development of t h e  m a t e r i a l  under t h e  in f luence  of t h e  

same energy source i n  t h e  process  of conversion ( i r r a d i a t i o n ,  h e a t i n g ) .  

I n  a f u r t h e r  s t a g e  of ex i s t ence  of  carbonaceous chondr i t e s ,  following 

t h e  breakup of  t h e  pa ren t  bod ie s ,  t h e i r  m a t e r i a l  was f irst  i r r a d i a t e d  with 

hard cosmic and s o l a r  r a y s .  The o rgan ic  substance i n  t h e  me teo r i t e s  may then 

have been a l t e r e d  p a r t l y  and t h e  concentrat ion o f  free r a d i c a l s  i nc reased .  
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To tes t  t h i s  t heo ry ,  w e  performed an experiment i nvo lv ing  i r r a d i a t i o n  

with protons having an energy o f  600 MeV, app l i ed  t o  5 grams of  brea,  con- 

t a i n i n g  8.11% organ ic  substance,  from t h e  a spha l t  d e p o s i t  a t  Asphalt Mountain 

(northwestern f o o t h i l l s  of  t h e  Caucasus, Maykop). The sample w a s  i r r a d i a t e d  

i n  t h e  synchrocyclotron a t  t h e  Combined I n s t i t u t e  of  Nuclear Study (Dubna), 

u s ing  an e x t r a c t e d  p ro ton  beam. 
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The absorbed dose of r a d i a t i o n  was 1 0 1 0 ~  r a d .  

P r i o r  t o  i r r a d i a t i o n ,  

t h e  component composition 

o f  t h e  o rgan ic  mat ter  ex- 

t r a c t e d  with chloroform was 

as fo l lows :  o i l s  -- 60.8%, 

r e s i n s  - -  17.7%, asphal tenes  , 
21.5%. After i r r a d i t i o n  of  

t h e  sample with protons,  t h e  

component composition was Figure 7 .  
of Free Radicals i n  Organic Substance s l i g h t l y  d i f f e r e n t :  o i l s  - -  

Increase i n  t h e  Concentration 

From Brea (from t h e  Asphalt depos i t  i n  
t he  northwestern f o o t h i l l s  o f  t h e  

6 5 . 9 % ,  r e s i n s  - -  16.9%,  

Caucasus) , I r r a d i a t e d  with Protons a spha l t enes  - -  17.2%. Conse- 
(Dose = 1*108 r a d ) .  

1 ,  Spectrum of e l e c t r o n i c  para- 
magnetic resonance o f  o rgan ic  sub-  

quent l y  , t h e  r a d i a t i o n  was 

followed by a s l i g h t  i n c r e a s e  

i n  the  o i l  content a t  t he  

expense of t h e  r e s i n  and 

asphal tene components. The 

concen t r a t ion  of  f r e e  r a d i c a l s  

s t a n c e  be fo re  i r r a d i a t i o n  with protons ; 
2 ,  D i t t o ,  a f t e r  i r r a d i a t i o n .  

i n  t h e  organic  substance of t h e  i n v e s t i g a t e d  sample inc reased  somewhat follow- 

ing  i r r a d i a t i o n ,  as i n d i c a t e d  by t h e  more i n t e n s i v e  s i g n a l  received on t h e  

EPR spectrum i n  comparison t o  t h a t  received p r i o r  t o  t h e  r a d i a t i o n  of t h e  

sample (Figure 7 ) .  

This experiment suppor t s  t h e  p o s s i b i l i t y  of  an i n c r e a s e  i n  t h e  concen- 

t r a t i o n  of  free r a d i c a l s  with high-energy i r r a d i a t i o n  o f  organic  substances.  

Hence , t h e  s t a b l e  f r e e  organic  r a d i c a l s  i n  t h e  carbonaceous chondri tes  

are not  r e l a t e d  t o  t h e  b iogen ic  a c t i v i t y  of t h e  pa ren t  body o f  t he  me teo r i t e .  
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As a ma t t e r  o f  f a c t ,  t h e  free r a d i c a l s  o f  d i f f e r e n t  composition are p resen t  

i n  many space o b j e c t s .  As a r u l e ,  they a r e  found i n  t h e  composition of t h e  

Sun and o t h e r  s tars ,  i n t e r p l a n e t a r y  substance and i n  t h e  makeup of  comets. I 
I The ~- Role of  Meteori tes  and Comets i n  t h e  Origin of  Life on Earth 

The presence of  o rgan ic  compounds o f  r ad iogen ic  o r i g i n  i n  me teo r i t e s  

fo rces  us t o  consider  t h e  ques t ion  o f  t h e  a r r i v a l  o f  complex o rgan ic  substan-  

ces on Earth from space and t h e  development on t h e  b a s i s  o f  t h e s e  compounds 

of  l i v i n g  matter. I t  has been suggested (Briggs , 1963) , t h a t  t h e  organic  

compounds which reached t h e  Earth i n  t h e  form of carbonaceous chondri tes  may 

have g r e a t  s i g n i f i c a n c e  i n  t h e  general  content  of  hydrocarbons i n  the  E a r t h ’ s  

c r u s t  . 
The 30 carbonaceous chondri tes  which a r e  known a t  the  p re sen t  time weigh 

about 132 kg. I f  w e  e s t ima te  t h e  a r r i v a l  of carbonaceous chondri tes  a l l  

during t h e  t ime of ex i s t ence  of t h e  Earth ( 5 - 1 0 9  yea r s )  as being r e g u l a r ,  then 

with an average content of  organic  compounds i n  t h e  carbonaceous chondri tes  

approximately equal t o  4%,  IO1‘ organic  compounds must have a r r i v e d  on Earth 

during t h e  time of  i t s  e x i s t e n c e  i n  t h e  form o f  carbonaceous chondr i t e s .  

This number i s  not  underestimated he re  due t o  t h e  p r o b a b i l i t y  o f  unrecorded 

f a l l s  o f  carbonaceous chondri tes  during t h e  las t  150 y e a r s .  The amount of 

hydrocarbons i n  t h e  Earth I s  c r u s t  , f o r  example , according t o  t h e  c a l c u l a t i o n s  

of Kalinko (1964) amounts t o  about 15-1019 grams. 

bu t ion  from m e t e o r i t i c  o rgan ic  substances is  sma l l .  

Consequently, t h e  c o n t r i -  

Another p o s s i b l e  source f o r  t h e  a r r i v a l  o f  o rgan ic  substances from space 

on Earth i s  comets. According t o  the  c u r r e n t  model, comets c o n s i s t  o f  a 

conglomerate of s o l i d  mineral  p a r t i c l e s ,  i c e  from frozen gases (H20 and NH 

CH4, C02, C2N2) and frozen free r a d i c a l s .  Spectroscopic  s t u d i e s  of t h e  heads 

o f  comets have revealed CN,  C 

o f  comet t a i l s  have been found t o  contain t h e  fol lowing gases :  CO , N + 2 J  OH+, 

C O + 2 J  CH+. 

3 ’  

C3, CH, NH, NH2,  OH (Figure 8 ) .  The s p e c t r a  
+ 2’ 

Comets are considered t o  be  t h e  ear l ies t  and l e a s t  changed bodies  i n  t h e  

S o l a r  System. I t  i s  probable  t h a t  i n  t h e  e n t i r e  h i s t o r y  o f  mankind t h e r e  has  

been on ly  one encounter o f  t h e  Earth with a comet -- t h e  Tungus me teo r i t e  i n  
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1908. 

cluded, e s p e c i a l l y  during t h e  e a r l y  s t a g e s  of development of t h e  E a r t h .  

Oro (1961a) made a very i n t e r e s t i n g  c a l c u l a t i o n  which showed t h a t  during t h e  

f i rs t  2*109 years  of e x i s t e n c e  o f  t h e  Ea r th  c o l l i s i o n s  with comets added 

108-1O1* tons of  cometary material. I f  w e  assume t h a t  10-30% of  t h i s  substance 

cons i s t ed  o f  carbonaceous compounds , t h e  t o t a l  amount would be 1013-1017 grams. 

However, t h i s  va lue  i s  q u i t e  i n s i g n i f i c a n t  i n  terms o f  t h e  t o t a l  q u a n t i t y  o f  

carbonaceous m a t e r i a l  on Ea r th .  

The p o s s i b i l i t y  of s imi la r  phenomena a t  e a r l i e r  times cannot b e  ex- 

Unquestionably, m e t e o r i t e s  and comets have con t r ibu ted  carbonaceous 

ma te r i a l  t o  Earth.  These compounds , t o g e t h e r  with t e r r e s t r i a l  carbonaceous 

substances,  have en te red  t h e  cyc le  during t h e  process  of development of t he  

Earth and have passed through l i v i n g  substances.  We cannot d i s t i n g u i s h  these  

added substances from t e r r e s t r i a l  carbonaceous compounds. The ex tens ive  

d i s t r i b u t i o n  of carbon and o t h e r  v o l a t i l e  elements (H, 0 ,  N ,  S ,  e t c . )  i n  

space leads us t o  th ink  t h a t  t h e s e  elements were p re sen t  i n  the  t e r r e s t r i a l  

material a t  t h e  e a r l y  s t a g e s  of i t s  development i n  t h e  composition o f  var ious 

compounds. 

ma te r i a l s  and degassing of v o l a t i l e  compounds , t hey  have been t r a n s p o r t e d  t o  /147 

t h e  upper p a r t  of t h e  E a r t h ' s  crust, where they have been exposed t o  t h e  

in f luence  of r a d i a t i o n  and r ad iogen ic  s y n t h e s i s  of  complex o rgan ic  substances 

may have taken p l ace  (Vinogradov, 1967). 

In  add i t ion ,  i n  t h e  process  of zone melt ing o f  t e r res t r ia l  

Many experiments (on whose r e s u l t s  a new branch of s c i e n c e  has  been 

b u i l t  , c a l l e d  experimental  organic  cosmochemistry) i n d i c a t e  t h a t  complex 

organic  substances may be  formed from simple o r i g i n a l  compounds with p a r t i c i -  

pa t ion  of va r ious  energy sources .  The conversion t akes  p l a c e  i n  s t a g e s ,  with 

p a r t i c i p a t i o n  of  i n t e rmed ia t e  r e a c t i o n  products  and e s p e c i a l l y  f r e e  r a d i c a l s .  

For example, t h e  formation of  t h e  purine base of adenine when HCN i s  hea ted  

takes  p l a c e ,  as Oro (1961b) s ta tes ,  according t o  t h e  fol lowing scheme 

(Figure 9 ) .  

Could no t  t h e  passage of me teo r i t e s  through t h e  E a r t h ' s  atmosphere be 

s i g n i f i c a n t  as f a r  as t h e  o r i g i n  o f  l i f e  i s  concerned, as an energy source 

through which simple components of t h e  e a r l y  t e r r e s t r i a l  atmosphere were' 
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... -. '1 synthesized i n t o  complex o rgan ic  

substances? Hochstim, (1963) 

suggested t h a t  t h e  complex 

o rgan ic  compounds i n  t h e  

t e r res t r ia l  condi t ions may have 

been formed as a r e s u l t  o f  t h e  

a c t i o n  of  a shock wave during 

t h e  f a l l  of enormous me teo r i t e s  

a t  supe r son ic  speeds as they 

I. fe  11 through t h e  atmosphere o r  
during t h e  i n t e r a c t i o n  o f  t h e  Figure 8. P h o t o e l e c t r i c  Recording o f  

t h e  Spectrum from t h e  Head o f  The m e t e o r i t i c  substance with water 
ArendIRoland Comet o f  1956h (Brandt,  

Hodge, 1964).  
Band width 42 A ,  scanning ra te  water .  Hochstim supported t h i s  /148 
270 A/min, recording made on 
29 Apri l  1957. 

i f  t h e  me teo r i t e  f a l l s  i n t o  

- 
theory experimental ly .  He f i r e d  

a sho t  through a mixture  of water 

and gas (composition of  t h e  

gaseous medium 40% CH4, 40% NH3, 20% H ) ;  t h e  speed o f  t h e  b u l l e t  was 4.6 

km/sec. In t h e  water  a f t e r  t h e  s h o t ,  organic  substances were found whose 

molecular weight reached 200. But t h i s  energy con t r ibu t ion  was no t  very g r e a t .  

The p r i n c i p a l  sources  o f  energy i n  t h e  process  of  conversion of  primary 

t e r r e s t r i a l  carbonaceous substances must have been s o l a r  ( u l t r a v i o l e t )  and 

cosmic r a d i a t i o n ,  h e a t i n g  during va r ious  exothermal r e a c t i o n s ,  r a d i a t i o n  from 

t h e  decay of  r a d i o a c t i v e  i s o t o p e s ,  e t c .  

2 

Consequently, t h e  carbonaceous substance o f  me teo r i t e s  and comets d id  

no t  play an important r o l e  i n  t h e  o r i g i n  o f  l i f e  on Ea r th .  
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H NH, 

H 

Figure 9 .  Mechanism o f  t h e  Synthesis  o f  Adenine from 
HCN (5 HCN + Adenine) 

/149 Meteori tes  as I n d i c a t o r s  o f  t h e  MedLug f o r  P t h e  Development . __. o f  Living Matter  - 
on Ear th  

A medium was r e q u i r e d  f o r  t h e  development and subsequent evo lu t ion  o f  

l i v i n g  ma t t e r  under terrestr ia l  condi t ions ; i t  c o n s i s t s  of t h e  atmosphere 

and t h e  hydrosphere (Oparin, 1968).  The o r i g i n  of t h e s e  envelopes i s  ex- 

p l a ined ,  i n  the  view of  Vinogradov e t  a l .  (1967), by t h e  degassing of t h e  

E a r t h ' s  mantle,  whose substance i s  s i m i l a r  t o  t h e  s i l i c a t e  phase of  s tony  

me teo r i t e s  and chondr i t e s .  The carbonaceous chondri tes  may be  of  considerable  

importance i n  a d i scuss ion  o f  t h e s e  problems. 

S t r u c t u r a l  d e t a i l s  of  t h e s e  me teo r i t e s  i n d i c a t e  t h a t  t h e i r  substance was 

a l t e r e d  somewhat by secondary p rocesses ,  with t h e s e  changes t a k i n g  p l a c e  under 

t h e  in f luence  of v o l a t i l e  compounds. Many i n v e s t i g a t o r s  f e e l  t h a t  o t h e r  types 

of  s tony me teo r i t e s  and t h e  p l a n e t s  of  t h e  S o l a r  System were formed from a 

substance similar t o  carbonaceous chondr i t e s .  

Carbonaceous chondri tes  are r a r e l y  enriched with v o l a t i l e  elements , which 

e n t e r  i n t o  t h e  composition o f  minerals  which are c h a r a c t e r i s t i c  of only t h i s  
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group of meteor i tes .  The content  o f  c h a r a c t e r i s t i c  "low-temperature" minerals 

changes i n  d i f f e r e n t  meteor i tes ,  increas ing  a t  t h e  same t i m e  as t h e  content o f  

carbon increases  and t h e  amount o f  organic  substances.  Meteorites of t h e  

Orgey type c o n s i s t  almost completely of minerals t h a t  a r e  c h a r a c t e r i s t i c  of 

carbonaceous chondr i tes .  

The composition of t h e s e  minerals i n  t h e  downed s t a t e  includes carbon 

(carbonates) ,  hydrogen ( i n  t h e  form of  c o n s t i t u t i o n a l  water i n  minerals of 

t h e  c h l o r i t e - s e r p e n t i n e  t y p e ) ,  sulphur  ( i n  t h e  form of  elementary sulphur 

and s u l p h a t e s ) ,  n i t rogen  (ammonium s a l t s ) ,  oxygen ( i n  t h e  form of  c h l o r i t e -  

se rpent ine  minerals  and nickel-containing magnet i te) ,  with these  minerals  

being i n  combination with t h e  ord inary  "high-temperature" minerals  found i n  

o ther  chondri tes  ( o l i v i n e ,  pyroxenes, t r o i l i t e  FeS, n i c k e l i f e r o u s  i r o n  -- 
kamasite,  chromite, e t c . ) .  Carbonaceous chondri tes  e x h i b i t  a lack of 

equi l ibr ium both i n  t h e  mineral  and i n  t h e  chemical composition, i . e . ,  t h e  

chemical composition o f  ind iv idua l  minerals i n  them d i f f e r s  somewhat. 

I n  s tudying carbonaceous chondri tes  i n  pe t rographic  s e c t i o n s ,  it i s  
apparent t h a t  t h e  minerals  which a r e  c h a r a c t e r i s t i c  of these  meteori tes  have 

secondary involvement of  "high temperature" minerals .  This i s  e s p e c i a l l y  

evident  i n  t h e  d i s t r i b u t i o n  of  minerals  of t h e  ch lor i te -serpent ine  type ,  which 

were found i n  carbonaceous chondri tes  by Kvasha (1948). The chondrules i n  

carbonaceous chondri tes  a re  f requent ly  I1pi t tedt1 on t h e  per iphery and replaced 

by aqueous s i l i c a t e s .  Therefore ,  t h e  s i z e  of t h e  chondrules i n  these  meteor- 

i tes  i s  smal le r  than i n  ord inary  chondr i tes ,  and i n  some carbonaceous 

chondri tes  t h e  chondrules are  even lacking,  having been completely destroyed.  

I n  o ther  carbonaceous chondr i tes ,  t h e  gra in  of  t h e  o l i v i n e  i s  sometimes pre-  

served a t  t h e  c e n t e r  o f  t h e  c h l o r i t i c  chondrule (Vdovykin, 1967). Frequently,  /150 

however, t h e  chondrules are completely replaced,  and inc lus ions  of carbon- 

aceous substance can be seen i n  t h e  chondrules (Figure 10) .  Consequently, 

t h e  processes  of replacement of t h e  chondrules and t h e  pene t ra t ion  o f  carbon- 

aceous substance were simultaneous.  Least  f requent ly ,  "low-temperature" 

minerals a r e  d i s t r i b u t e d  i n  carbonaceous chondri tes  containing minimum amounts 

of carbon. 
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The d i s t r i b u t i o n  of  v o l a t i l e  

elements t h a t  en t e r  i n t o  t h e  

composition of "low-temperature" 

minerals  i n d i c a t e s  t h a t  t h e  re- 
placement o f  t h e  substance o f  t h e  

carbonaceous chondri tes  took p l ace  

with low-carbon carbonaceous 

chondri tes  changing t o  high-carbon 

t y p e s .  This  replacement must have 

taken p l a c e  a t  the  e a r l y  s t a g e s  of  

development of  t h e  me t e o r i  t i c 

substance.  

Figure 10. Chondrule Consis t ing of 
Aqueous Iron-Magnesium S i l i c a t e s  i n  
t h e  Staroye Boriskino Meteori te  
(Vdovykin, 1967). 

P r i o r  t o  t h e  agglomeration 

o f  t h e  substance of t h e  gas-dust 

cloud, t h e  v o l a t i l e  components 

were i n  a frozen s t a t e ,  probably 
The chondrule i s  loca ted  on a black 
carbonaceous substance which has 
pene t r a t ed  t h e  chondrules. t h e  type H 2 0  C 0 2 ,  CH4,  NH3, 
Sec t ion  No. 191, 450 X .  

i n  t h e  form of s t a b l e  compounds of 

s t a b l e  r e a c t i v e  compounds (H 0 2 2 '  
C2H2,  C H e t c . )  and frozen free 

r a d i c a l s  (OH, CN,  e t c . ) .  During t h e  process  of agglomeration on t h e  bod ies ,  

t h e s e  substances must have pene t r a t ed  the  upper zones of t h e  a s t e r o i d a l  

bodies a t  a somewhat i nc reased  temperature 

substance.  Since the  e f fus ion  o f  t h e  v o l a t i l e  components took p l a c e  i n  t h e  

in t e rchondru la r  space,  they must have ac t ed  f irst  of  a l l  on t h e  in t e rchondra l  

substance.  The composition of  t h e s e  gases included oxygen-containing com- 

2 4  

a c t i n g  i n t e n s i v e l y  on t h e  mineral  

pounds : t h e i r  oxygen oxidized t h e  p r i n c i p a l  mass of t h e  carbonaceous chon- /151 
d r i t e s .  I n  t h e  s u r f a c e  zones o f  t h e  a s t e r o i d s ,  where t h e r e  may have been an 

ice  s h i e l d ,  t h e  concentrat ion o f  v o l a t i l e  components i nc reased  and t h e  process  

o f  oxidat ion became more i n t e n s i v e .  

o f  t h e  in t e rchondru la r  substance i n  me teo r i t e s  of t h e  I11 type and t h e  maximum 

degree of ox ida t ion  i n  carbonaceous chondri tes  of t h e  I type.  The process  of 

replacement of t h e  substance must have taken p l a c e  with t h e  p a r t i c i p a t i o n  of 

This i s  i n d i c a t e d  by t h e  oxidized s t a t e  
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many gases ,  s ince  t h e  effect  of t h e  gases  on t h e  mineral components was n o t  

uniform. 

In  t h e  course of such a complex i n t e r a c t i o n  of mineral  phases i n  v o l a t i l e  

components, t h e r e  was probably an i s o t o p i c  exchange as i n d i c a t e d  by t h e  

r e s u l t s  of t h e  determinat ion o f  t h e  i s o t o p i c  composition of  v o l a t i l e  elements 

i n  carbonaceous chondr i t e s .  

The i s o t o p i c  composition 

of  v o l a t i l e  elements, pa r -  

t i c u l a r l y  carbon and oxygen, 

d i f f e r s  i n  d i f f e r a n t  carbon- 

aceous chondr i t e s .  As i n  t h e  

d i scuss ion  of  a l l  o t h e r  

c h a r a c t e r i s t i c s  of carbon- 

aceous chondr i t e s ,  he re  we 

can s e e  a c l e a r  r e l a t i o n s h i p  

Figure 11. I s o t o p i c  Composition of Carbon between t h e  t h r e e  types o f  
(a) and Oxygen (b) as a Function o f  t h e  
To ta l  Content o f  Carbon and Oxygen i n  carbonaceous chondr i t e s .  The 

Carbonaceous Chondrites Types I ,  I1 and r e s u l t s  o f  a determinat ion of 

i s o t o p i c  composition of  t h e  111. 
Meteori tes :  1, Ivuna; 2 ,  Orgey; 3 ,  Migei; 
4,  Marrey; 5 ,  San ta  Cruz; 6 ,  Navapali;  carbon i n  t h e  carbonaceous 
7 ,  A 1  Rais ;  8 ,  Staroye Boriskino; 
9 ,  Cold Bokkeveld; 10,  Vigarano; 
11, Mokoya; 1 2 ,  Kinsaz (carbonaceous Boato (1954) and our  r e s u l t s  

chondr i t e s ,  performed by 

me teo r i t e ) ;  13,  Lance; 1 4 ,  Groznay; 
15,  F e l i x .  of t h e  i n v e s t i g a t i o n  o f  t h e  

i s o t o p i c  composition o f  

carbon i n  a number of carbon- 

aceous chondri tes  (Vinogradov e t  a l .  , 1967) i n d i c a t e  t h a t  as  t h e  q u a n t i t a t i v e  

content of  carbon i n c r e a s e s  i n  i s o t o p i c  composition, i t  grows heav ie r  (Figure 

11 ) .  

Recently Begemann and Heinzinger (1968) s tud ied  t h e  i s o t o p i c  composition 

/152 - o f  t h e  t o t a l  carbon i n  dark and b r i g h t  s e c t i o n s  o f  ordinary me teo r i t e s  

(Pan ta r  and B r e i t s c h e i d ) .  These authors  showed t h a t  t h e  dark a reas  of t h e  

me teo r i t e s ,  en r i ched  with carbon, contained more "weighted" carbon than t h e  
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b r i g h t  p a r t s .  

carbon, while t h e  6 C13 v a r i e s  from -15.6 t o  -20.8%; i n  t h e  b r i g h t  areas, 
t h e  carbon amounts t o  0.07-1.2%, while t h e  value of  6 C I 3  v a r i e s  from -19.2 

t o  21.8%. I n  t h e  dark a reas  of  t h e  Bre i t sche id  meteor i te ,  t h e  carbon content  

i s  0.47-0.78%, 6 C 1 3  i s  20.5%; i n  t h e  b r i g h t  p a r t s ,  t h e  carbon content i s  
0.21-0.40% while 6 C13 is  -24.3%. The enrichment o f  t h e  oxygen with t h e  

heavy i so tope  0l8 i n  carbonaceous chondri tes  (Taylor e t  a l . ,  1965) a l s o  takes  

p lace  simultaneously with an i n c r e a s e  i n  t h e  content  of carbon and oxygen 

(Figure 11) .  Consequently, t h e r e  w a s  a predominant l o s s  of v o l a t i l e  i so topes  

of carbon and oxygen during t h e  increas ing  secondary replacement of t h e  

substance of carbonaceous chondri tes  and t h e  enrichment with v o l a t i l e  elements 

during t h e  development of  t h e s e  meteor i tes .  

I n  t h e  Pantar  meteor i te ,  t h e  dark areas contain up t o  2% 

Some i n v e s t i g a t o r s  suggest  t h a t  carbonaceous chondri tes  may have been 

formed i n  t h e  e a r l y  s t a g e  of  development of  t h e  S o l a r  System, even before  

t h e  agglomeration of a s t e r o i d a l  bodies ,  o r  e l s e  they may be of cometary o r i g i n  

(Studier  e t  a l . ,  1968). 

of secondary replacement of t h e i r  substance and t h e  gradual  change i n  t h e  

c h a r a c t e r i s t i c s  of t h e i r  s t r u c t u r e  during t h e  t r a n s i t i o n  from t h e  carbonaceous 

chondri tes  of t h e  I11 type t o  t h e  meteori tes  of t h e  I type.  I n  any case ,  t h e  

carbonaceous chondri tes  which a re  enriched with v o l a t i l e  elements a r e  most 

s u i t a b l e  f o r  eva lua t ion  involving t h e  primary substance from which t h e  

heavenly bodies i n  our  S o l a r  System a r e  formed. 

This makes i t  very d i f f i c u l t  t o  expla in  t h e  process  

In  t h e  process  of agglomeration and subsequent d i f f e r e n t i a t i o n  o f  the  

mater ia l  composing t h e  Earth,  the  v o l a t i l e  elements i n  i t s  composition must 

a l s o  have been t ranspor ted  t o  i t s  o u t e r  zones. Later  these  elements,  whkch 

p a r t l y  remain i n  compound substances,  must have been l i b e r a t e d  i n  t h e  course 

of l o c a l  hea t ing .  They were a p a r t  of t h e  composition of t h e  upper layers  of 

t h e  Ear th .  

ou ter  layers  of  t h e  Earth i n  t h e  form of very simple compounds and were 

compressed by t h e  g r a v i t a t i o n  of t h e  p lane t  due t o  i t s  l a r g e  s i z e .  The 

degassing of t h e  mantle led t o  t h e  formation of an atmosphere and hydrosphere. 

The favorable development of t h e  p lane t  as a whole - -  t h e  d i f f e r e n t i a t i o n  o f  

Undoubtedly t h e s e  elements en tered  f n t o  t h e  composition of  the  
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i t s  substance with formation of t h e  E a r t h ' s  c r u s t ,  degassing of t h e  mantle 

with formation of t h e  hydrosphere and atmosphere -- created condi t ions i n  the  

medium f o r  t h e  development and evolut ion of  l i f e .  

S igni f icance  . .- of Meteorites . - - for Explaining t h e  Origin of  Life on Earth 

The o r i g i n a l  t e r r e s t r i a l  organic  compound t h a t  e x i s t e d  i n  t h e  e a r l y  

s t a g e s  of  development of t h e  Earth was subsequently drawn i n t o  t h e  cycle  by 

t h e  biosphere and completely converted by i t .  

juveni le  o r i g i n  a r e  found i n  t h e  igneous rocks,  and are  e j e c t e d  i n  l a r g e  

amounts by volcanoes.  

same time as t h e  evolu t ion  of t e r res t r ia l  m a t e r i a l .  

The carbonaceous substances of  

But these  substances underwent t h e i r  changes ah t h e  

The presence of complex organic  compounds o f  radiogenic  o r i g i n  i n  

meteori tes  i s  of g r e a t  s i g n i f i c a n c e  f o r  explaining s e v e r a l  problems of the  

o r i g i n  of l i v i n g  mat te r  under t e r r e s t r i a l  condi t ions .  

organic  substances formed i n  meteor i tes?  

How were complex 

The q u a n t i t a t i v e  content of  organic  substances i n  carbonaceous chondri tes  

increases  gradual ly  when moving from type I11 t o  type I meteor i tes .  The 

degree of carbonizat ion of high-molecular carbonaceous mater ia l  decreases i n  

t h e  same fash ion .  

the  "low-temperature" mineral  components i n d i c a t e s  t h a t  t h e  formation of  

both took p lace  simultaneously i n  a l l  p r o b a b i l i t y .  

The n a t u r e  of t h e  i n t e r a c t i o n  of t h e  organic  compounds and 

I t  i s  obvious t h a t  during the  agglomeration of a s t e r o i d a l  bodies the  

simple carbon-containing compounds t h a t  were present  i n  t h e  gas-dust cloud 

must have undergone some hea t ing  and en tered  i n t o  chemical reac t ions  which 

took p lace  simultaneously with t h e  e f f u s i o n  of these  compounds i n t o  t h e  outer  

zones of  t h e  a s t e r o i d a l  bodies .  The process  of complication of  organic  sub- 

s tances  must have been accompanied by t h e  formation of more high-molecular 

substances.  Therefore ,  a s l i g h t  amount of carbonaceous m a t e r i a l  (espec ia l ly  

polymer substances and p a r a f f i n  hydrocarbons, whose bonding energy i s  h igher  

than i n  t h e  aromatic hyarocarbons) remained i n  a s t r i c t l y  f i x e d  s t a t e  i n  t h e  

intermediate  zones of t h e  a s t e r o i d s ,  adsorbed on t h e  sur faces  of  mineral  

g r a i n s .  

/153 
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The o rgan ic  components of  t h e  upper zones of  t h e  a s t e r o i d s  are t h e  

r e s u l t  o f  two processes - -  conversion of  compounds t h a t  e x i s t e d  h e r e  ear l ier  

and were sub jec t ed  t o  cosmic and s o l a r  i r r a d i a t i o n ,  and conversion of 

v o l a t i l e  compounds, t h e  products  of  d i s t i l l a t i o n  from deeper zones o f  t h e  

a s t e r o i d s .  These conversions took p l a c e  with p a r t i c i p a t i o n  of f r e e  o rgan ic  

r a d i c a l s ,  which were r e t a i n e d  i n  t h e  s t a b i l i z e d  s t a t e  i n  t h e  carbonaceous 

chondri tes  u n t i l  t h e  p re sen t  t ime.  

The p o s s i b i l i t y  i s  not  excluded t h a t  t h e  s y n t h e s i s  o f  complex o rgan ic  

compounds from simple substances took p l ace  even be fo re  t h e  agglomeration of 

a s t e r o i d a l  bod ie s .  During agglomeration of  t h e  a s t e r o i d s  , t h e s e  substances 

(under t h e  in f luence  of va r ious  energy sources)  may have undergone d e s t r u c t i o n  

with subsequent r e a c t i o n  of t h e  products .  

,P,%., 
'\ 

n_( organic substanck 

Dayhoff e t  a l .  (1964) calcu- 

l a t e d  t h e  energy of  formation o f  

organic  substances containing C ,  

H ,  0 from simple compounds. The 

phase diagram p l o t t e d  on t h e  b a s i s  

of t h e  c a l c u l a t e d  d a t a  under 

d i f f e r e n t  cond i t ions  (Dayhoff 

e t  a l . ,  1964) and confirmed expe r i -  

mental ly  (S tud ie r  e t  a l .  , 1965, 

1968) i s  shown on Figure 1 2 .  
Figure 1 2 .  Phase Diagram of  C-H-0 .  
Regions Correspond t o  t h e  D i s t r i -  

bu t ion  o f  Products of Syn thes i s  
During t h e  development of  t h e  

Under Di f f e ren t  Conditions at  t h e  substance of t he  carbonaceous 
Ea r ly  Stages o f  t he  S o l a r  System. 
K -- cosmic r a t i o  C:O. 

chondr i t e s ,  t h e  o rgan ic  substances 

formed from simple o r i g i n a l  com- 

pounds underwent f u r t h e r  changes. 

I n  p a r t i c u l a r ,  following t h e  d e s t r u c t i o n  o f  a s t e r o i d a l  bodies  , t hey  were 

sub jec t ed  t o  cosmic and s o l a r  r a d i a t i o n .  I f  they had undergone considerable  

changes a t  t h i s  time and had been sub jec t ed  t o  d e s t r u c t i o n ,  w e  would expect 

t o  f i n d  i n  the  carbonaceous chondri tes  with considerable  cosmic age (meteori tes  

o f  type 111) a l e s s  carbonized carbonaceous substance.  I n  r e a l i t y ,  t h e  degree 
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of  carbonizat ion decreases  from type I11 meteo r i t e s  t o  type I me teo r i t e s .  

However, t h e s e  c h a r a c t e r i s t i c s  do n o t  allow us t o  suggest  t h a t  o rgan ic  sub- 

stances were formed from g r a p h i t e  i n  carbonaceous chondr i t e s .  

The mechanism of formation o f  complex organic  compounds i n  carbonaceous 

chondri tes  i n  t h e  process  of  degassing of v o l a t i l e  compounds i n  t h e  course of 

agglomeration o f  a s t e r o i d a l  bod ie s ,  which was descr ibed b r i e f l y  above, 

probably took p l a c e  with t h e  development o f  o t h e r  bodies  i n  t h e  S o l a r  System. 

I t  i s  f e l t  t h a t  during t h e  agglomeration o f  t h e  substance forming t h e  Earth 

t h e  carbon was no t  i n  t h e  form o f  CH4 or C 0 2 ,  ( i t  would have been l o s t  during 

agglomeration),  bu t  i n  t h e  form of carbides  o r  organic  substances with a 

condensed aromatic s t r u c t u r e .  I n  t h e  course of d i f f e r e n t i a t i o n  o f  t h e  sub- 

s t a n c e  o f  t h e  Ea r th ,  t h e s e  carbonaceous substances must have undergone 

d e s t r u c t i o n  and been t r a n s p o r t e d  t o  the  upper zones i n  t h e  form of  simple 

gaseous compounds. 

The carbonaceous substances t r a n s p o r t e d  t o  t h e  upper zones of t h e  E a r t h ' s  

c r u s t  could have been syn thes i zed  here i n t o  complex o rgan ic  compounds, on 

t h e  base o f  which l i v i n g  matter could have developed with f avorab le  condi t ions 

of t h e  medium. 

The r e s u l t s  o f  a d e t a i l e d  s tudy  o f  t h e  o rgan ic  compounds i n  me teo r i t e s  

shows t h a t  t hese  substances are s i m i l a r  t o  t e r r e s t r i a l  organic  compounds of  

b iogen ic  o r i g i n ,  and t o  products  of l abora to ry  (and i n d u s t r i a l )  abiogenic 

s y n t h e s i s  of o rgan ic  subs t ances .  This i n d i c a t e s  t h a t  organic  substances which 

are very s e n s i t i v e  t o  t h e  condi t ions of ex i s t ence  have a s i m i l a r  n a t u r e  of 

conversion r ega rd le s s  o f  where they  a r e  found (under t e r r e s t r i a l  condi t ions o r  

under t h e  cond i t ions  on a s t e r o i d a l  b o d i e s ) ,  and a l s o  independently o f  t he  

biogenic  o r  abiogenic  na tu re  of t h e  i n i t i a l  carbonaceous subs t ances .  The 

r e g u l a r i t y  which was f irst  mentioned by t h e  author  (Vdovykin, 1967, 1968) f o r  

exobiology i s  of  primary importance.  
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Consequently, t e r r e s t r i a l  o rgan ic  compounds which gave r i s e  t o  l i v i n g  

ma t t e r  may have been as complicated as t h e  o rgan ic  substances of  t h e  carbon- 

aceous chondr i t e s .  The f i r s t  microorganisms which appeared were h e t e r o t r o p h i c .  

They may have used t h e  complex o rgan ic  substances which e x i s t e d  f o r  
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nourishment. I t  has  been shown experimentally (Vdovykin , Pomortseva, 1962) 

t h a t  t h e  organic  compounds of  carbonaceous chondri tes  may b e  used f o r  t h e  

nourishment o f  microorganisms, support ing t h e i r  growth. In  t h e  course of 

evolu t ion  of e a r l y  microorganisms , t h e r e  was a f u r t h e r  development of photo- 

s y n t h e t i c  forms of l i f e ,  which had a c r i t i c a l  in f luence  on t h e  changes i n  t h e  

composition of t h e  E a r t h l s  atmosphere and on t h e  c h a r a c t e r i s t i c s  of many 

geological  processes  (Vinogradov, 1967; Tugarinov , 1967) . The most ancient  

depos i t s  of remains of  l i f e  forms i n  t h e  rocks have an age of 2.5-3*109 years  

(Belsky e t  a l . ,  1965, e t c . ) ,  i . e . ,  t h e  t r a n s i t i o n  from chemical evolu t ion  t o  

b i o l o g i c a l  evolut ion under t e r r e s t r i a l  condi t ions took p l a c e  almost 3.5 

b i l l i o n  years  ago. Even t h e  e a r l y  forms of l i f e  were ab le  t o  accumulate t h e  

v o l a t i l e  i so tope  of carbon, C 1 3 .  

composition, t h e  carbon of organic  compounds of gold-uranium conglomerates 

from t h e  Witwatersrand system i n  South Afr ica ,  t h e  absolu te  age of  which has 

been determined t o  be 2.15-109 y e a r s ,  there  a r e  6 C I 3  va lues  between -2.24 

and -3.28% (Hoffs, Schidlowski, 1967), i n  c o n t r a s t  t o  t h e  i s o t o p i c  compo- 

s f t i o n  o f  t h e  carbon from t h e  average m e t e o r i t i c  substance,  which according 

t o  t h e  au thors '  c a l c u l a t i o n s  i s  about - 2% 0 C13.  

t h e i r  death and p r e s e r v a t i o n  i n  depos i t s ,  t h e r e  a r e  f u r t h e r  changes i n  which 

t h e  products of t h e s e  conversions a r e  sometimes very s i m i l a r  t o  t h e  products  

of abiogenic s y n t h e s i s  of organic  substances.  

For example, on t h e  b a s i s  of  t h e  i s o t o p i c  

I n  l i v i n g  systems,following 

The s i m i l a r  na ture  of t h e  behavior of carbonaceous compounds under 

d i f f e r e n t  condi t ions,  t h e  ex is tence  of complex organic  compounds i n  o ther  

heavenly bodies ,  e s p e c i a l l y  meteor i tes ,  the  considerable  d i s t r i b u t i o n  of 
carbon and o ther  '%iophi l ic"  elements i n  space -- a l l  of t h e s e  provide a 

b a s i s  f o r  considering t h a t  i f  t h e r e  i s  l i f e  on o ther  p l a n e t s  bes ides  t h e  Ear th ,  

i t  must be based, at  l e a s t  within t h e  l i m i t s  o f  t h e  S o l a r  System, on carbon, 

and has a p r o t e i n  n a t u r e .  The condi t ions f o r  t h e  ex is tence  bf p r o t e i n  forms 

of l i f e  a r e  wel l  known. Consequently, i t  i s  highly l i k e l y  t h a t  l i f e  may be 

found on those p l a n e t s  o f  t h e  S o l a r  System whose physical  and chemical con- 

d i t i o n s  are favorable  f o r  maintaining p r o t e i n  forms of l i f e .  The s t u d i e s  o f  

a number of  p l a n e t s  t h a t  have been conducted i n  recent  years  with t h e  a i d  of 
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spacecraf t  unfor tuna te ly  do n o t  i n d i c a t e  t h a t  t h e  phys ica l  conditions on those 

p l a n e t s  might b e  favorable  fo r  t h e  ex is tence  of such l i f e  forms. 
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MICROBIOLOGICAL INVESTIGATIONS OF METEORITES 

A. A. Imshenetskiy and S .  S.  Abyzov 

ABSTRACT: 
rocks and meteor i tes  under var ious climatic condi t ions .  I t  
i s  shown t h a t  no r e l i a b l e  r e s u l t s  can be obtained from a 
search f o r  e x t r a t e r r e s t r i a l  microorganisms i n  meteor i tes  
t h a t  were exposed t o  t h e  ground f o r  a prolonged p e r i o d  o f  
t i m e .  Under any c l i m a t i c  condi t ions,  t h e  most important 
f a c t o r  enhancing t h e  pene t ra t ion  of  microorganisms i n t o  
meteor i tes  i s  humidity.  Some i n t e r e s t i n g  r e s u l t s  can only 
be obtained from meteor i tes  t h a t  f e l l  on s tony  ground, snow, 
o r  sand, and t h a t  were recovered s h o r t l y  af ter  t h e  f a l l .  

Study of  t h e  pene t ra t ion  of microorganisms i n t o  

For many y e a r s ,  outs  tanding s c i e n t i s t s  have been sugges t ing  t h a t  meteor- 

i t e s  t r a n s p o r t  r e p r e s e n t a t i v e s  of e x t r a t e r r e s t r i a l  l i f e  t o  Earth (Richter ,  

1865; Helmholtz, 1884; Thomson, 1871). However, a l l  of  t h e s e  suggest ions a r e  

of a purely specula t ive  n a t u r e .  

a t t r a c t e d  t h e  a t t e n t i o n  of s c i e n t i s t s  t o  t h i s  problem but  i n  t h i s  case t h e  

impetus cons is ted  of  o b j e c t i v e  f a c t s ,  e s t a b l i s h e d  as t h e  r e s u l t  of p r e c i s e  

chemical analyses .  

I n  recent  years ,  t h e  s tudy o f  space has again 

Undoubtedly t h e  most i n t e r e s t i n g  problem t h a t  a r i s e s  i n  connection with 

t h e  s tudy of meteori tes  i s  t h e  quest ion of whether o r  n o t  they  contain t r a c e s  

of  l i f e .  A t  t h e  present  t i m e ,  t h e  discussion between r e p r e s e n t a t i v e s  of two 

opposi te  schools of thought i s  s t i l l  incomplete, involving t h e  o r i g i n  of 

complex organic  compounds which a r e  found i n  meteor i tes .  

The beginning o f  t h e  d i s p u t e  regarding t h e  p o s s i b i l i t y  o f  remnants o f  

l i f e  i n  meteori tes  was t r i g g e r e d  by Berzel ius  (1834) who was t h e  f irst  t o  

f i n d  humus-like mater ia l  i n  t h e  Ala is  meteori te ,  which belongs t o  t h e  group 

of carbonaceous chondri tes ,  and suggested t h a t  t h i s  m a t e r i a l  was of a b i o -  

l o g i c a l  na ture .  

Later ,  many i n v e s t i g a t o r s  (Woehler, 1858, 1859; Woehler, Hoernes, 1859; 

Smith, 1876; Roscoe, 1863; Ber the lo t ,  1868) e x t r a c t e d  organic  compounds from 

t h i s  same Ala is  meteor i te ,  as wel l  as  from t h e  Cold Bokkveld and Orgey 
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carbonaceous chondr i t e s .  Using a l coho l ,  e t h e r  and o t h e r  s o l v e n t s ,  t h e  i n v e s t i -  

ga to r s  s u c c e s s f u l l y  e x t r a c t e d  o rgan ic  substances from t h e s e  me teo r i t e s .  

I n  1953, cons ide rab le  a t t e n t i o n  was a t t r a c t e d  by t h e  work of  Mueller 

(1953) who, a f t e r  making e x t r a c t s  from t h e  Cold Bokkeveld m e t e o r i t e ,  claimed 

t h a t  about 25% o f  t h e  o rgan ic  substance of  t h e  me teo r i t e  was s o l u b l e  i n  o rgan ic  

s o l v e n t s .  Vdovykin (1960) performed a s tudy o f  t h e  o rgan ic  substance ex- 

t r a c t e d  by o rgan ic  s o l v e n t s  (without hea t ing  them) from t h e  Migei, Staroye 

Boriskino, Groznaya and Cold Bokkeveld me teo r i t e s .  The volume of t hese  

materials amounted t o  0.07% of  t h e  weight o f  t h e  m e t e o r i t e s ,  and they  were 

made up of  a complex mixture  of  compounds (hydrocarbons, humus-like substance,  

e t c . )  . 
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Calvin and Vaughan (1960), as we l l  as Briggs (1962) performed similar 

e x t r a c t i o n s  with meteors o f  t h e  same type -- Murray, Haripur and Mokoya - -  
using a Soxhlet  apparatus  and observed organic  material amounting t o  56 mg, 

74 mg o r  28 mg, r e s p e c t i v e l y ,  p e r  gram of meteor substance.  

Nagy, Meinshein and Hennessy (1961), s u b j e c t i n g  e x t r a c t s  and var ious 

f r a c t i o n s  of  t h e  Orgey me teo r i t e  t o  mass-spectrometric a n a l y s i s ,  found 

s a t u r a t e d  hydrocarbons, which included normal p a r a f f i n s ,  monocyclic, b i cyc l i c .  

and t r i c y c l i c ;  i n  terms of  t h e i r  molecular wkight, t hey  were s imilar  t o  t h e  

hydrocarbons from modern marine sediments and g rease .  

An a n a l y s i s  o f  t h e  r e s u l t s  o f  t h e  s tudy of t h e  composition of t h e  

p r o p e r t i e s  of  t h e  o rgan ic  substances i n  t h e  carbonaceous chondri tes  w i l l  be 

found i n  a review a r t i c l e  by Briggs and Mamikunian (1963) and i n  a mono- 

graph by Vdovykin (1967). 

The abundance o f  o rgan ic  m a t e r i a l s  i n  me teo r i t e s  and t h e i r  s i m i l a r i t y  

with o rgan ic  substances of  t e r res t r ia l  o r i g i n  has  s t i m u l a t e d  many micro- 

b i o l o g i s t s  t o  look for microorganisms i n  m e t e o r i t e s .  

Pas t eu r  w a s  t h e  f irst  t o  s u b j e c t  me teo r i t e s  t o  microbiological  a n a l y s i s .  

Using a s p e c i a l  d r i l l  o f  h i s  own design,  he analyzed t h e  i n t e r n a l  p a r t s  o f  

t h e  Orgey me teo r i t e  and claimed a complete absence of  microorganisms. 

however, a number of  r e p o r t s  appeared which i n d i c a t e d  t h a t  microbes were 
Later, 
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present  i n  meteor i tes .  Thus Galippe and Souffland (1921), af ter  analyzing 

2 1  meteori tes  o f  var ious types,  found a g r e a t  many mobile and immobile 

microorganisms gsowing on ordinary n u t r i e n t  media. Somewhat l a t e r ,  Lipmann 

(1932, 1936), Roy (1935), S i s l e r  (1961) and Bayriyev and Mamedov (1962) 

claimed t h a t  they had found microorganisms i n  var ious meteor i tes .  

i n g  t h e  method o f  microbiological  i n v e s t i g a t i o n  of meteor i tes ,  a l l  o f  t h e  

authors  emphasize t h a t  t h e  sur face  o f  t h e  meteor i te  was c a r e f u l l y  s t e r i l i z e d  

p r i o r  t o  ana lys i s  and t h a t  a l l  of t h e  experiments were performed with obser- 

va t ion  of  t h e  necessary condi t ions of s t e r i l i t y .  

I n  descr ib-  

However, t h e  abundance of microorganisms t h a t  were found, t h e i r  member- 

s h i p  i n  t h e  most d iverse  sys temat ic  groups of s o i l  microorganisms and a 

number of  considerakions o f  a t h e o r e t i c a l  na ture  make these f ind ings  h ighly  

c o n t r o v e r s i a l .  Even with t h e  most c a r e f u l  s t e r i l i z a t i o n  of t h e  s u r f a c e  of 

t h e  meteor i te  t o  be analyzed, i t  i s  n a t u r a l  t h a t  t h e i r  i n t e r n a l  p a r t s  were 

not  s t e r i l i z e d .  Samples were then c o l l e c t e d  from t h e  c e n t r a l  p o r t i o n s  of t h e  

meteor i te  f o r  microbiological  a n a l y s i s .  As a matter of f a c t ,  t h i s  means t h a t  

i f  t h e  t e r r e s t r i a l  microorganisms had penet ra ted  i n t o  t h e  i n t e r n a l  p a r t s  of  

t h e  meteor i te ,  they would be de tec ted  on a n a l y s i s .  Therefore ,  i t  would be 

very d i f f i c u l t  t o  say what t h e  o r i g i n  of t h e  microorganisms t h a t  were found 

r e a l l y  was. I n  order  t o  answer such claims,  the  au thors ,  who found microbes 

(Lipmann, 1936; C l a r i s ,  Nagy, 1961), po in t  out  t h a t  t h e  small s i z e  of the  

pores i n  t h e  meteor i te  and t h e  p o s i t i o n  of t h e  microbes i n  i t s  c e n t r a l  por t ions  

i n d i c a t e  t h a t  i t  i s  not  p o s s i b l e  f o r  microorganisms t o  p e n e t r a t e  i n t o  t h e  

meteori te  from outs ide .  

- /159 

To t e s t  these  views experimental ly ,  we performed a s e r i e s  of experiments 

with meteor i tes  and rocks.  

Experiment a1 Sect ion 
_E 

Permeabili ty o f  Meteorites and -~ R o c k s t o  . . . .  - Microorganisms ._ ~- 

To e s t a b l i s h  t h e  permeabi l i ty  of mater ia l s  of d i f f e r e n t  d e n s i t y  t o  micro- 

organisms, i n  t h e  first s e r i e s  of experiments w e  s tud ied  rocks which d i f f e r  

i n  hardness and d e n s i t y .  
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TABLE 1. RESULTS OF MICROBIOLOGICAL ANALYSES OF STERILE ROCKS, STORED 
UNDER DIFFERENT CONDITIONS (CULTURED ON MEAT-PEPTONE BOUILLON) 

I 

Volcanic 
t u f f s  , 
Armenia, 
A r c t i c .  

Pumice , 
Armenia, 
Ani. 

Talc;  
East  e r n  
S i b e r i a ,  

_ _ _  ~- - .  

ample and 
ts o r i g i n  f 

-- 

Onot River.  

Magnesite; 
Armenia, 
Shordzha. 

Grani te  ; 
Moscow 
Oblast  I 

Coal; 
Moscow 
Oblast  I .  

- - -  

Storage 
Time 

- . ~ ._ - 
2 mos. 
9 mos. 
2 mos. 
1 mo. 
2 mos. 
1 mo. 
9 mos. 
2 mos. 
1 mo. 
3 weeks 
1 mo. 

2 mos. 
1 mo. 

1 mos. 
3 weeks 

1 mo. 
3 weeks 

9 mos. 

1 mo. 

Samples Placed i n  
SC 

Surf  ace 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

1 
Cent r a1 
Parts 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
4. 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

Control samples s t o r e d  i n  
t h e  Lab01 ~- 

Surf  ace 
- 

tom 
Cent r a1 
Parts  

b O T E :  + = presence of growth; - = absence of growth. 
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We s t u d i e d  t h e  following rocks:  t u f f s ,  pumice, t a lc ,  magnesite, g r a n i t e ,  

and c o a l .  Rock samples measuring 10 x 10 cm were hea ted  f o r  8-12 hours i n  a 
muffle furnace a t  400-500'. 

paper  and s t e r i l i z e d  again i n  an autoclave a t  1 atm. 

samples were removed from t h e  paper and placed i n  a box with moist  s o i l  

( two-thirds  f i l l e d ) ,  while  another  p a r t  was s t o r e d  i n  i t s  wrapper under 

l abora to ry  cond i t ions .  During t h e  s t o r a g e  process  , t h e  rock samples were 

removed from the  s o i l  a t  d i f f e r e n t  per iods of  time and sub jec t ed  t o  micro- 

b i o l o g i c a l  a n a l y s i s ,  with a l l  necessary condi t ions of  s t e r i l i t y  being 

observed. A t  t h e  same time, t h e  samples s t o r e d  under l abora to ry  condi t ions 

were analyzed. The method of  performing t h e  microbiological  a n a l y s i s  of t h e  

rocks and me teo r i t e s  has been descr ibed i n  a p rev ious ly  publ ished work 

(Imshenetskiy,  Abyzov, 1966). 

Then t h e s e  samples were wrapped i n  parchment 

Then some of t h e  

Samples c o l l e c t e d  from t h e  c e n t r a l  p o r t i o n s  o f  t h e  specimen were c u l t u r e d  

on a meat-peptone b o u i l l o n .  The r e s u l t s  of t h e s e  experiments a r e  shown i n  

Table 1. 

The microbiological  analyses  of 19 t e s t e d  samples o f  rock revealed t h a t  

i n  t h e  c e n t r a l  p a r t s  of t h e  p rev ious ly  s t e r i l i z e d  sample, which was then 
placed i n  moist s o i l ,  s o i l  microorganisms were always found. 

samples, which were s t o r e d  under laboratory cond i t ions ,  we d i d  not  f i n d  any 

microorganisms a t  a l l .  A l l  of t he  t e s t e d  samples were pene t r ab le  by micro- 

organisms r ega rd le s s  of  t h e i r  d e n s i t y  and hardness .  

I n  the  con t ro l  

The second s e r i e s  of experiments was performed as fo l lows .  A v e r t i c a l  

channel measuring 8-10 mm i n  diameter was d r i l l e d  i n  t h e  c e n t r a l  po r t ion  of  a 

sample o f  rock.  Then t h i s  channel was plugged with a rubber s toppe r  through 

which a g l a s s  tube had been pushed. The sample prepared i n  t h i s  fashion was 

s t e r i l i z e d  s e v e r a l  times i n  an autoclave and placed i n  a l a r g e  g l a s s  v e s s e l .  

The v e s s e l  was covered with a gauze covering, through which a g l a s s  tube was 

passed t h a t  was used f o r  adding n u t r i e n t  medium (meat-peptone b o u i l l o n ) .  

g l a s s  ves se l  prepared i n  t h i s  fashion was s t e r i l i z e d  i n  t h e  autocalve toge the r  

with t h e  sample. A general  view o f  t h i s  ves se l  i s  shown i n  Figure 1 ,  Then, 

using t h e  g l a s s  tube i n s e r t e d  i n  the  c e n t r a l  channel t h a t  had been d r i l l e d  i n  

The 
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4 (i 

t h e  tes t  sample, w e  added s o i l  o r  pure c u l t u r e  of Serrat ia  marcescens, grown 

on a l i q u i d  n u t r i e n t  medium. 

n e i t h e r  s o i l  n o r  b a c t e r i a l  c u l t u r e s .  They served as t h e  c o n t r o l s .  A l l  of 

t h e  samples were placed i n  a the rmos ta t .  

shown i n  Tables 2 and 3 .  

Other samples which a l s o  had channels contained 

The d a t a  from t h e s e  t e s t s  are 

The r e s u l t s  of  t h e  experiments con- 

f i r m  t h e  conclusions drawn ear l ie r  re- 
garding t h e  f a c t  t h a t  a l l  o f  t h e  i n v e s t i -  

gated samples o f  marble,  pumice, l i m e -  
s t o n e ,  t u f f ,  t a l c ,  magnesite, sandstone 

and dun i t e  a r e  q u i t e  porous and permeable 

both t o  s o i l  microorganisms as we l l  as 

c e l l s  of  Serratia marcescens. A s  e a r l y  

as t h e  second day fol lowing t h e  s t a r t  

o f  t h e  experiment,  excessive m u l t i p l i -  

ca t ion  of microorganisms was observed i n  

t h e  bou i l lon  surrounding t h e  rock sample, 

Figure 1. Apparatus : while t h e  con t ro l  d i shes  with n u t r i e n t  

1, Tube f o r  adding s o i l  o r  
c u l t u r e  t o  the  i n t e r i o r  of 
t h e  t e s t e d  sample; 2 ,  Tube 
f o r  introducing n u t r i e n t  
medium, 3 ,  Test  sample. 

medium remained s t e r i l e .  

TABLE 2 .  PENETRATION OF S O I L  MICROFLORA THROUGH ROCK 

.- 
Rock 1 Experiment- I Control 

I Tuff ._ 0 '  0 - 
- ( I  - 

0 0 -- 

Talc 7 16 11 0 3 i 0 0 0  

- .. Limestone - _ -  

Marble 2 -  - - - - u -  - 
- Pumice 2 2 ._ _ _  _ _  

NOTE: The numbers correspond t o  t h e  number o f  days r equ i r ed  f o r  no t i ceah le  
clouding o f  t h e  n u t r i e n t  medium; 0 = absence of growth; - = ahsence 
o f  r e p e a t a b i l i t y .  

- -  - - - _ _  - 
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TABLE 3 .  PENETRATION OF CELLS OF SERRATIA MRCESCENS THROUGH ROCK 

I I I1 

. -  ~ _ _  - 

I Experiment 
Rock I--. 

I - _ -  . 

- I 
- 2 2 

I I Dunite 
Magnesite 2 2 d 2 
Sandstone 2 2 4 0 

> 

I I 11- 

Control -_ . .  . -- 

I j I 111 

Sikhote- Alinskiy ( i r o n  octahedri  t e )  
Chinge ( i ron  a t a x i  t e )  
Kunashak (stony chondri te)  
Sa ra tov  (stony chondri te)  

. . _ _  . . . . . - - 
I 

- I 
0 0 

2 2 
0 - 
8 - 

15 - 

0 0 0 
0 0 0 

0 
0 
0 
0 

NOTE: The numbers correspond t o  t h e  number of  days r equ i r ed  f o r  s i g n i f i c a n t  
t u r b i d i t y  of  t h e  n u t r i e n t  b o u i l l o n ;  0 = absence o f  growth; - = absence 
of r e p e a t a b i l i t y .  

0 
- 
- 
- 

TABLE 4 .  PERMEABILITY OF METEORITES FOR SOIL MICROORGANISMS 

NOTE: The numbers correspond t o  t h e  nbmber b f  days r equ i r ed  for s i g n i f i c a n t  
t u r b i d i t y  of  t h e  meat-peptone b o u i l l o n  surrounding t h e  me teo r i t e ;  
- = absence of  growth. 

. . = = - 7 . - = s . - . - .  ~~ 

Hence, both s e r i e s  of t e s t s  showed t h a t  va r ious  rocks a r e  r e a d i l y  

permeable t o  microorganisms . 
The t h i r d  s e r i e s  of  experiments were performed with me teo r i t e s .  We 

s t u d i e d  t h e  following me teo r i t e s  : Sikhote-Alinskiy ( i r o n  o c t a h e d r i t e )  , Chinge 

( i ron  a t a x i t e ) ,  Kunashak (s tony chondr i t e ) ,  and Sa ra tov  (stony chondr i t e ) .  

The pe rmeab i l i t y  of t h e s e  me teo r i t e s  t o  microbes was t e s t e d  i n  t h e  same 

fashion as i n  t h e  second s e r i e s  of experiments,  i .e . ,  by in t roduc ing  s o i l  

i n t o  a c e n t r a l  channel d r i l l e d  i n  a me teo r i t e .  The me teo r i t e s  were submerged 

i n  a meat-peptone b o u i l l o n .  

The r e s u l t s  of  t h e s e  experiments a r e  shown i n  Table 4 .  These t a b l e s  show 

As e a r l y  t h a t  t h r e e  me teo r i t e s  were r e a d i l y  permeable t o  s o i l  microorganisms. 
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as two days a f t e r  being placed i n  t h e  b o u i l l o n ,  extensive m u l t i p l i c a t i o n  of  

microorganisms was observed around t h e  Sikhote-Alinskiy meteor i te .  

t r o l s  were s t e r i l e .  

with t h e  Chinge meteor i te ,  which is  an i r o n  meteor i te  ( a t a x i t e ) ,  with a f i n e -  

grained s t r u c t u r e ,  reminiscent of a metal a l l o y .  Hence, t h e  experiments which 

were performed i n d i c a t e  t h a t  a l l  microbiological  analyses of meteori tes  which 

have l a i n  around f o r  some t i m e  af ter  f a l l i n g  on moist  soil cannot b e  used t o  

prove t h e  presence of e x t r a t e r r e s t r i a l  microbes. 

with t h e  moisture of t h e  s o i l  p e n e t r a t e  q u i t e  r a p i d l y  i n t o  t h e  c e n t r a l  

por t ions  of t h e  meteori te .  Natura l ly ,  i n  t h i s  case c a r e f u l  s t e r i l i z a t i o n  of  

t h e  s u r f a c e  of t h e  meteori tes  and observat ion of a l l  precaut ions during analy- 

s e s  a re  i n  vain.  

Permeabi l i ty  of Meteorites and Rocks t o  Microorganisms Under Various S o i l  and 
C l i m a t  e Conditions 

The con- - / 163 
Negative r e s u l t s  were obtained only i n  t h e  experiment 

S o i l  microf lora  toge ther  

I t  i s  p o s s i b l e  f o r  meteor i tes  t o  f a l l  a t  var ious p o i n t s  on t h e  E a r t h ' s  

s u r f a c e ,  under var ious s o i l  and cl imate  condi t ions  and a t  d i f f e r e n t  times of 

year .  I n  t h i s  connection, i t  i s  necessary t o  study t h e  contamination of 

meteori tes  by s o i l  microorganisms, t a k i n g  p lace  i n  d i f f e r e n t  types of s o i l  and 

under var ious c l i m a t i c  condi t ions .  

To so lve  t h i s  problem, t h e  following t h r e e  regions i n  t h e  t e r r i t o r y  of  

the  Soviet  Union were s e l e c t e d  because they d i f f e r  sharply i n  terms of  t h e i r  

s o i l  and cl imate  condi t ions : 

1. The Turkmenian SSR. Stony s o i l  i n  t h e  Kopet-Daga Mountains (Firyuza) 

and sand from Karakum (Repetek s t a t i o n ) .  

2 .  Moscow Oblas t '  (Solnechnogorskiy Rayon). Podzol c u l t i v a t e d  s o i l .  

3 .  Arct ic ,  Dixon I s l a n d .  Tundra frozen s o i l ,  covered with snow. 

We s tudied  samples of t u f f ,  l imestone,  t a l c  as w e l l  as meteor i tes .  

Samples measuring 10  x 10 cm, wrapped i n  parchment paper,  were s t e r i l i z e d  
repeatedly i n  an autoclave a t  1 atm. Microbiological analyses ind ica ted  

complete s t e r i l i t y  of these  samples. A p o r t i o n  of t h e  l a t t e r  was kept  c losed 

under laboratory condi t ions .  They served as t h e  c o n t r o l s .  Another por t ion  of  

t h e  s t e r i l i z e d  samples was placed on exposed ground i n  these  a reas  of t h e  
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Soviet  Union. 

I n  t h e  case of t h e  s tony ground and t h e  f rozen ,  snow covered s o i l ,  t h e  samples 

were placed on t h e  s u r f a c e .  

were bur ied  €or one- th i rd  o f  t h e i r  l e n g t h ,  

placed on t h e  ground with observat ion of a l l  r u l e s  f o r  a s e p s i s .  

of rock was t e s t e d  twice. 

s o i l  f o r  a per iod of t i m e  t h a t  v a r i e d  between f o u r  days and s i x  months, t h e  

samples of rock were removed from t h e  s o i l ,  t h e  s o i l  o r  snow t h a t  was s t i l l  

c l ing ing  t o  them w a s  c a r e f u l l y  removed by wiping, and they were then wrapped 

i n  s t e r i l e  paper and brought t o  t h e  labora tory  f o r  microbiological  a n a l y s i s .  

Samples were taken from t h e  s u r f a c e  of t h e  rocks,  from t h e i r  p e r i p h e r a l  

l ayers  and from t h e i r  c e n t r a l  p o r t i o n s .  The q u a n t i t a t i v e  a n a l y s i s  of  t h e  

microorganisms was performed by t h e  method of  l i m i t i n g  d i l u t i o n s  i n  meat- 

peptone bro th  and t h e  d ish  method us ing  meat-peptone agar .  

w e  removed samples weighing 1 gram from t h e  appropr ia te  layers  of t h e  rock 

and then performed t h e  d i l u t i o n s .  

gram of t e s t e d  sample. 

The samples were unwrapped before  t h e  s t a r t  of  t h e  experiment. 

I n  t h e  case of t h e  sand and t h e  podzol, samples 

The samples were unwrapped mind 

Each type 

After t h e  samples had been allowed t o  rest i n  t h e  
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F o r  t h i s  purpose,  

The number of microbes was counted i n  each 

This method was used t o  perform t e s t s  twice i n  t h e  Solnechnogorsk Rayon 
of Moscow Oblast’ :  these  tes ts  took p l a c e  i n  t h e  autumn (November) snd 

win ter  ( a t  t h e  end of January) of 1965. The r e s u l t s  of  t h e s e  t e s t s  a r e  shown 

i n  Table 5 .  

The microbiological  ana lys i s  of t h e  s t e r i l e  samples of  rock which were 

placed a t  var ious per iods of  time on exposed s o i l  i n  Moscow Oblas t ’  shows 

t h a t  s o i l  microorganisms p e n e t r a t e  i n t o  t h e  i n n e r  layers  of rocks f u l l y  i n  t h e  

presence of a s u f f i c i e n t  amount of moving moisture.  Thus, i n  t h e  c e n t r a l  

p a r t s  of t h e  samples , which were placed i n  autumn on moist s o i l ,  we observed 

extensive microf lora  a f t e r  only four  days,  while i n  t h e  case of samples t h a t  

were placed on frozen snow covered s o i l  i n  win ter  t h e  microbes d i d  not  even 

p e n e t r a t e  t o  t h e  depth of  one cm i n  t h e  course of 40 days. 
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TABLE 5. NUMBERS OF MICROBES I N  VARIOUS LAYERS OF STERILE SAMPLES 
PLACED ON OPEN SOIL (MOSCOW OBLAST') AT DIFFERENT TIMES OF YEAR 

( I N  THOUSANDS PER GRAM OF SUBSTANCE) 

. .  . -_ ~- 

P r e c i p i t a t i o n  Center of  
t h e  Surface Sample 

. . .  

L i m e s  tone 
Ta lc  

Tuff 
Limestone 
Talc 

Tuff 
Limestone 
Ta lc  

Autumn, 4 days (November) 
I I I 

78.2 
78.2 
78.2 

110,000 
110,000 I 110,000 1 11,000 11,000 

7,000 2,500 
250 1 700 

Winter, 40 days (from 29 January t o  
3 March) 

0 I 25 6 I 0 0 
0 
0 

I 0 

Control ( s to rage  under l abora to ry  condi t ions)  

0 

According t o  t h e  d a t a  from t h e  Solnechnogorsk meteorological  s t a t i o n  , 
t he  average d a i l y  temperature on t h e  su r face  of t h e  s o i l  during t h e  pe r iod  

beginning on 29 January and ending on 9 March 1965 never went above zero 

degrees cent igrade , which i n d i c a t e s  an absence of mobile moisture .  

On t h e  s tony  s o i l  i n  t he  Kopet-Daga Mountains (Firyuza) and on t h e  

Karakum sand, t h e  s t e r i l e  samples of rock were allowed t o  remain from Apr i l  

u n t i l  October 1965 , i . e .  , f o r  a pe r iod  of t i m e  when atmospheric p r e c i p i t a t i o n  

i s  p r a c t i c a l l y  completely absent i n  t h i s  area. 

the  meteorological  s t a t i o n s  at  Firyuza and Repetek , t h e r e  was no atmospheric 

p r e c i p i t a t i o n  during the  p e r i o d  i n d i c a t e d .  

According t o  t h e  d a t a  from 

With no mobile moisture on t h e  s u r f a c e  of t h e  rocks ,  t h e  i n t e r n a l  

layers of t h e  samples are not  invaded by s o i l  mic ro f lo ra  f o r  a long pe r iod  of  

t ime, r ega rd le s s  of t h e  f a c t  t h a t  microbes are always found on t h e  s u r f a c e  of 

t h e  sample. Thus, on t h e  s u r f a c e s  of  samples of t u f f ,  l imestone and t a l c ,  
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c o l l e c t e d  i n  t h e  Kopet-Daga Mountains, we found 25, 13 and 6,000 cel ls  p e r  

gram; a t  t h e  c e n t e r s  of  t h e  samples and a t  a d i s t a n c e  o f  1 cm from t h e  s u r f a c e ,  

no microorganisms were found. 

placed i n  t h e  Karakum sand; t h e  d i f f e r e n c e  l i es  i n  t h e  fact  t h a t  a l l  t h r e e  

samples had t h e  same number o f  microorganisms on t h e i r  s u r f a c e s  -- 110,000 

p e r  gram. 

s t e r i l e .  

The same can be  s a i d  o f  t h e  samples which were 

Control samples t h a t  were s t o r e d  i n  t h e  l abora to ry  remained 

S i m i l a r  t e s t s  were performed i n  t h e  Arctic.  The samples were placed on 

frozen snow covered ground on t h e  t e r r i t o r y  of  t h e  Dixon Meteorological 

S t a t i o n  and kept t h e r e  f o r  f i v e  months. 

Meteorological S t a t i o n ,  t h e  average d a i l y  temperature on t h e  s u r f a c e  o f  t h e  

s o i l  during t h i s  pe r iod  of  time never rose  above zero c e n t i g r a d e  and 

consequently t h e r e  was no mobile moisture .  

According t o  t h e  d a t a  from t h e  Dixon 

I n  t h e  A r c t i c ,  with no mobile moisture on t h e  s u r f a c e  of  t h e  samples, 

t h e  i n t e r n a l  l a y e r s  of t h e  s t e r i l e  rocks a l s o  remained completely f r e e  of 

microorganisms f o r  a long p e r i o d  of  t i m e .  

t u f f ,  l imestone and t a l c ,  w e  could always f i n d  microorganisms i n  amounts 

which were equal t o  1 .0 ,  2 , s  and 0.6 thousand per  gram of  moist weight ,  

r e s p e c t i v e l y .  

t h e  t e r r i t o r y  of t h e  Dixon Meteorological S t a t i o n ,  we measured t h e  r a t e  o f  

contamination of  s t e r i l e  me teo r i t e s  from Saratov and t h e  Pervomayskiy 

s e t t l e m e n t ,  which a r e  c l a s s i f i e d  as s tony chondr i t e s .  A s  c o n t r o l s ,  we used 

s t e r i l e  p i eces  o f  t h e  same meteo r i t e s ,  which were wrapped i n  paper and s t o r e d  

i n  t h e  l abora to ry .  The r e s u l t s  o f  t h e  experiments r evea led  t h a t  microorganisms 

appeared on the  su r face  of  t h e  me teo r i t e s  i n  equal amounts - -  25,000 p e r  gram 

of moist weight;  t h e  c o n t r o l  samples i n  t h e  c e n t r a l  p o r t i o n s  of t h e  experi-  

mental me teo r i t e s  remained s t e r i l e .  We s e e  t h a t  i n  t h e  absence of mobile 

moisture i n  t h e  s o i l ,  t h e  i n t e r n a l  l a y e r s  of me teo r i t e s  may remain f r e e  of  

s o i l  mic ro f lo ra  f o r  a long pe r iod  o f  t ime,  although r a t h e r  l a r g e  amounts of 

microorganisms are p r e s e n t  on t h e  su r face  of t h e  m e t e o r i t e .  

On t h e  s u r f a c e s  o f  t h e  samples of 

During t h e  same pe r iod  o f  time, i n  t h e  course of  100 days on 

Hence, t h e s e  experiments demonstrate t h a t  me teo r i t e s  t h a t  have f a l l e n  on 

dry s tony s o i l ,  on snow i n  A r c t i c  regions o r  on dry d e s e r t  sand and a r e  
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c o l l e c t e d  immediately after they have f a l l e n  a r e  most s u i t a b l e  f o r  micro- 

b i o l o g i c a l  s t u d i e s .  As f a r  as meteor i tes  t h a t  have f a l l e n  i n  t h e  middle 

l a t i t u d e s  a r e  concerned, w e  a r e  i n t e r e s t e d  i n  using f o r  microbiological  

i n v e s t i g a t i o n s  only those meteor i tes  which have f a l l e n  during win ter  on snow 

o r  frozen s o i l  and have been c o l l e c t e d  soon a f t e r  they  have f a l l e n .  

Conclusions 

1. The presence of microbes of e x t r a t e r r e s t r i a l  o r i g i n  i n  meteori tes  

cannot be demonstrated by microbiological  ana lys i s  of meteori tes  t h a t  have 

l a i n  on damp s o i l .  

2 .  I n  a l l  o f  t h e  s o i l  and cl imate  zones, t h e  p r i n c i p a l  f a c t o r  which 

promotes a rap id  p e n e t r a t i o n  of  microorganisms i n t o  meteori tes  and rocks is  

s o i l  moisture .  

3 .  Meteori tes  t h a t  have f a l l e n  on dry s tony s o i l  o r  sand, as wel l  as 

frozen ground o r  snow, and have been co l lec ted  soon a f t e r  they have f a l l e n  

may b e  of i n t e r e s t  f o r  microbiological  a n a l y s i s .  
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STERILIZATION OF SPACECRAFT 

MODERN METHODS AND MEANS OF STERILIZATION OF SPACECRAFT 

/ 167 

V. I .  Vashkov 

ABSTRACT. The need t o  s t e r i l i z e  devices  sent  t o  o t h e r  p l a n e t s  
i s  d i scussed .  Differences between methods used t o  s t e r i l i z e  
s p a c e c r a f t  and those.  used i n  medicine are s t r e s s e d .  Four groups 
o f  s t e r i l i z a t i o n  methods are def ined:  h o t ,  co ld ,  combined and 
mechanical. E f f e c t s  o f  dry,  h o t  a i r ,  steam, i o n i z i n g  r a d i a t i o n  
and W r a d i a t i o n  on phys ica l  substances a r e  discussed.  Bacteri- 
c i d a l  p r o p e r t i e s  of  cer ta in  chemicals and s p e c i a l l y  t r e a t e d  
f a b r i c s ,  p a i n t s ,  e tc .  are descr ibed.  

As a r e s u l t  o f  t h e  ex tens ive  s tudy o f  space,  t h e  Sov ie t  Union i s  ab le  

t o  send d i f f e r e n t  types o f  s t a t i o n s  and devices t o  t h e  n e a r e s t  p l a n e t s  f o r  

purposes of  ex tens ive  i n v e s t i g a t i o n  of  t h e  p l a n e t s  and f o r  seeking l i f e  on 

them. To so lve  t h e  l a t t e r  ques t ion ,  it i s  necessary f i r s t  o f  a l l  t o  prevent 

t h e  t r a n s p o r t  of  t e r r e s t r i a l  microorganisms t o  t h e  nearby p l a n e t s  and i n t o  

t h e  space surrounding those  p l a n e t s .  Various types o f  p reven t ive  measures 

have been provided f o r  doing t h i s  (Sneath, 1961; Atwood, 1966).  

I t  i s  a l s o  necessary t o  prevent  t h e  p o s s i b l e  t r a n s p o r t  of l i f e  from 

o t h e r  p l a n e t s  t o  E a r t h ,  s i n c e  we cannot exclude t h e  p o s s i b i l i t y  t h a t  micro- 

s c o p i c  l i v i n g  substances e x i s t  on o t h e r  p l a n e t s  which could be very dangerous 

f o r  t h e  i n h a b i t a n t s  of  Ea r th  (Cooley, Schalkowsky, 1966; Fa rmer ,  1966).  

A t  t h e  p r e s e n t  t i m e ,  more and more a t t e n t i o n  i s  being devoted t o  ways of 

s t e r i l i z i n g  s p a c e c r a f t  t o  be s e n t  t o  o t h e r  p l a n e t s  and designed t o  r e t u r n  from 

o t h e r  p l a n e t s  t o  Ea r th  (Nicks, Reynolds, 1963). I n  seeking methods and 

dev i s ing  ways of  s t e r i l i z i n g  s p a c e c r a f t ,  r e sea rche r s  are proceeding mainly on 

t h e  b a s i s  of  t h e  ex tens ive  d a t a  a v a i l a b l e  i n  t h e  l i t e r a t u r e  on t h e  t o p i c  of 

d i s i n f e c t i o n  and s t e r i l i z a t i o n ,  as w e l l  as t h e  p r a c t i c a l  experience i n  t h e  use  

of  var ious substances used f o r  t h i s  purpose i n  t h e  n a t i o n a l  economy. 
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S t e r i l i z a t i o n  i s  widely employed i n  medicine, e s p e c i a l l y  su rge ry ,  i n  t h e  food 

i n d u s t r y  f o r  products which are t o  be  s t o r e d ,  and o t h e r  branches of  t h e  

n a t i o n a l  economy. 

devices and methods of s t e r i l i z a t i o n  have been considerably developed 

(Horowitz, 1966). 

This  means t h a t  a t  t h e  p r e s e n t  time a g r e a t  many d i f f e r e n t  

The famous Engl ish surgeon L i s t e r  was t h e  f i rs t  ( i n  1867) t o  pub l i sh  h i s  

s t u d i e s  on t h e  use of  a n t i s e p t i c  substances i n  su rge ry .  The Russian School 

/168 of  Surgery l ed  by Pirogov inc reased  and expanded t h e  d a t a  i n  regard t o  t h i s  - 
matter. 

The essence of t h e  method of  

nothing which has no t  been s t e r i l i z e d  may come i n  con tac t  with a wound. 

This p r i n c i p l e  o f  su rge ry  i s  maintained a t  t h e  p r e s e n t  t i m e .  

By t h e  1 8 8 0 ' ~ ~  methods of a n t i s e p s i s  and a s e p s i s  were widely known. 

a seps i s  i n  surgery b o i l e d  down t o  t h e  fol lowing:  

A s  a r e s u l t ,  surgery has made much g r e a t e r  s t r i d e s  than  it  d i d  during t h e  

e n t i r e  time o f  i t s  ex i s t ence  p r i o r  t o  1867. 

F i n a l l y ,  not a l l  of t h e  known methods and means a r e  s u i t a b l e  f o r  

s t e r i l i z a t i o n  of s p a c e c r a f t .  A spacec ra f t  must no t  con ta in  any t e r r e s t r i a l  

microorganisms of any kind,  including those  t h a t  l i v e  i n  t h e  s o i l  A g r e a t  

many of  t he  m a t e r i a l s  t h a t  are used i n  t h e  cons t ruc t ion  of a s p a c e c r a f t  w i l l  

no t  s tand exposure t o  t h e  most widely used methods and means of  s t e r i l i z a t i o n ,  

e s p e c i a l l y  t h e  a c t i o n  of  high temperatures,  e t c .  

The methods of s t e r i l i z a t i o n  t h a t  a r e  used a t  t h e  p re sen t  t ime can be  

divided i n t o  t h r e e  groups: h e a t ,  cold and a combination o f  t h e  two. 

The above methods use a g r e a t  many d i f f e r e n t  substances.  Almost a l l  

o f  t h e  e x i s t i n g  methods and means a r e  used t o  one degree o r  another  i n  t h e  

s t e r i l i z a t i o n  of  s p a c e c r a f t .  

can ensure s t e r i l i t y  o f  t h e  spacec ra f t  by i t s e l f .  

are necessary t o  improve t h e  methods of  s t e r i l i z a t i o n  of t h e  s p e c i f i c  m a t e r i a l s  

t h a t  go t o  make up a s p a c e c r a f t  and i t s  models. The e f f e c t i v e n e s s  o f  u s ing  

a p a r t i c u l a r  method and t h e  substances used f o r  s t e r i l i z a t i o n  depend t o  a 

l a rge  degree on t h e  volume, conf igu ra t ion  and phys ica l  c h a r a c t e r i s t i c s  of t h e  

ob jec t s  t o  be s t e r i l i z e d  (Miles, 1966). 

However, none o f  t h e  e x i s t i n g  methods o r  means 

Fur the r  d e t a i l e d  s t u d i e s  
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As fa r  as phys ica l  agents  a r e  concerned, most ex tens ive  use i s  made o f  

steam and dry hot  a i r ,  while  i o n i z i n g  r a d i a t i o n  has  come i n t o  use r e c e n t l y .  

Steam is  t h e  most r e l i a b l e  s t e r i l i z i n g  agent bu t  i t  i s  not very good f o r  

s t e r i l i z a t i o n  of  s p a c e c r a f t  f o r  two reasons:  many p a r t s  and assemblies o f  

s p a c e c r a f t  cannot withstand temperatures o f  100' and high humidity.  

O f  t h e  o t h e r  most r e l i a b l e  methods of s t e r i l i z a t i o n ,  dry ho t  a i r  is  

worthy of a t t e n t i o n ;  it i s  widely used i n  microbiological  p r a c t i c e ,  heated 

t o  160-180' with exposures of  60 t o  30 minutes.  

Hot a i r  p e n e t r a t e s  w e l l  i n t o  a l l  p a r t s  of  t h e  apparatus and t h e  hea t ing  

i s  e a s i l y  r egu la t ed .  However, t h i s  agent ,  i n  t h e  temperature and exposure 

ranges a t  which i t  i s  widely employed i n  medical and microbiological  p r a c t i c e ,  

i s  no t  very s u i t a b l e  f o r  s t e r i l i z a t i o n  of s p a c e c r a f t  because many materials 

t h a t  a r e  used i n  the  assembly of  t h e  l a t t e r  cannot withstand temperatures of 

160°. Consequently, dry hot  a i r  a t  such temperatures cannot be recommended 

f o r  s t e r i l i z a t i o n  of s p a c e c r a f t .  In t h i s  connection, s t u d i e s  a r e  going /169 

forward t o  determine t h e  p o s s i b i l i t y  of using temperatures lower than 160' 

f o r  t h e  s t e r i l i z a t i o n  o f  s p a c e c r a f t .  

In  t h e  USSR and USA, considerable  a t t e n t i o n  has been devoted t o  s tudying 

t h e  p o s s i b i l i t y  o f  u s ing  dry h o t  a i r  (Koesterer ,  1964, 1965). 

The work i s  divided i n t o  two p a r t s :  f i r s t  of a l l ,  t h e  p o s s i b i l i t y  of 

using hot a i r  (105-150') i s  being s t u d i e d ;  secondly,  m a t e r i a l s  a r e  s e l e c t e d  

f o r  use i n  t h e  c o n s t r u c t i o n  of  spacec ra f t  which a re  ab le  t o  withstand hea t ing  

t o  135-150° (Bruch e t  a l . ,  1962). 

I t  has been found t h a t  hea t ing  d i f f e r e n t  types of o b j e c t s  t o  149O f o r  

40 minutes ensures s t e r i l i t y .  I n  an atmosphere of  dry n i t r o g e n ,  a t  a tempera- 

t u r e  of  14S0, t h e  exposure time was 35 hours .  

145O f o r  36 hours has  an unfavorable  e f f e c t  on the  ma jo r i ty  of s e n s i t i v e  

photocathodes.  They con ta in  cesium, which l i q u e f i e s  a t  145O. 

must work on t h e  development o f  b i a l k a l i n e  photocathodes.  The p o s s i b i l i t y  of 

s t e r i l i z a t i o n  at  lower temperatures ( f o r  example, 105') has been demonstrated,  

bu t  t h e  exposure time then  i n c r e a s e s  t o  1 4  days.  The cons t ruc t ion  of  t h e  

However, h e a t  s t e r i l i z a t i o n  a t  

The designers  
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spacecraf t  which were s e n t  t o  Venus, however, n e c e s s i t a t e d  t h e  use of  thermo- 

r e s i s t a n t  materials, s i n c e  t h e  temperature on Venus i s  above 100'. 

The next method which might be used f o r  s t e r i l i z a t i o n  of  i n d i v i d u a l  

p a r t s  i s  ioniz ing  r a d i a t i o n  , p a r t i c u l a r l y  gamma rays ,  b e t a  p a r t i c l e s  and 

r e l a t i v e l y  heavy neutrons,  p ro tons ,  e tc .  A t  t h e  present  t i m e ,  i o n i z i n g  

r a d i a t i o n  i s  widely used f o r  s t e r i l i z a t i o n  i n  many count r ies  o f  t h e  world. 

Numerous i n v e s t i g a t i o n s  of  t h e  p o s s i b i l i t y  of us ing  i o n i z i n g  r a d i a t i o n  are 

underway i n  t h e  USSR. 

The s e n s i t i v i t y  of l i v i n g  mat te r  t o  i o n i z i n g  r a d i a t i o n  d i f f e r s .  A man 

may d i e  as a r e s u l t  of exposure t o  600 rads ;  some microorganisms d i e  when 

exposed t o  100,000 rads ;  m i l l i o n s  of rads  (2.5-5 Mrad) and required t o  k i l l  

t h e  spores  of microorganisms o r  v i r u s e s .  

O f  t h e  microorganisms t h a t  have been s t u d i e d ,  t h e  most r e s i s t a n t  t o  

r a d i a t i o n  a r e  those of CZostr idiwn botuZinwn, which causes food poisoning and 

can be k i l l e d  by doses of 2.5-4 Mrad. Data a r e  a v a i l a b l e  i n d i c a t i n g  t h a t  t h e  

v i r u s  o f  smallpox vacine,  d r i e d  a t  negat ive temperatures ,  w i l l  d i e  a t  s t i l l  

higher doses.  

The l e v e l  of t h e  s t e r i l i z i n g  dose depends both on t h e  n a t u r e  of t h e  

m a t e r i a l  subjected t o  s t e r i l i z a t i o n  and t h e  number of microorganisms t h a t  

a r e  present  on the  mater ia l  being i r r a d i a t e d .  I n  t h i s  connection, when us ing  

highly contaminated objec ts  f o r  i r r a d i a t i o n ,  t h e  exposure t i m e  i s  increased 

i n  comparison t o  t h a t  f o r  objec ts  which are  s l i g h t l y  contaminated by micro- 

organisms. 

In  s t e r i l i z i n g  s p a c e c r a f t ,  an e f f o r t  i s  made t o  k i l l  a l l  forms of micro- - /170 
organisms, s o  t h a t  we can recommend only high s t e r i l i z i n g  doses of ion iz ing  

r a d i a t i o n ;  i n  addi t ion ,  many of  t h e  m a t e r i a l s  which a r e  used f o r  t h e  assembly 

of  spacecraf t  w i l l  no t  withstand doses as high as 5 Mrad. Hence, ion iz ing  

r a d i a t i o n  may be used f o r  s t e r i l i z a t i o n  of only a few types of  m a t e r i a l s .  

As f a r  as  physical  agents a re  concerned, w e  must consider  u l t r a v i o l e t  

rays  with a wavelength of  2537 w . 
the  b a c t e r i c i d a l  p r o p e r t i e s  of  u l t r a v i o l e t  r a y s .  A t  t h e  present  t ime,  Soviet  

Many count r ies  a re  conducting research i n t o  
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i n d u s t r y  produces s i x  types  of u l t r a v i o l e t  apparatus ; wall-mounted and 

c e i l i n g  lamps are completely s u i t a b l e  f o r  i r r a d i a t i o n  of  t h e  s u r f a c e  of  

materials f o r  purposes o f  reducing t h e  contamination of  t h e  p a r t s  of  an 

.assembled spacecraft. This  type of lamp i s  switched on when t h e  l abora to ry  

is  no t  a t  work. During work times i n  t h e  l abora to ry ,  r e f l e c t e d  u l t r a v i o l e t  

rays  may be used. The technique of  u s ing  u l t r a v i o l e t  l i g h t s  has been q u i t e  

w e l l  developed. Other phys i ca l  agents , f o r  example u l t r a sound  o r  c u r r e n t s  

of u l t r a s o n i c  frequency, i n  our opinion,  cannot be  recommended f o r  s t e r i l i -  

za t ion  i n  conjunct ion with a number of shortcomings t o  which they are prone.  

I n  s t e r i l i z i n g  s p a c e c r a f t ,  va r ious  chemical substances can be  used both 

i n  s o l u t i o n  and i n  t h e  form of gases .  Among the  gaseous chemical compounds, 

the ones most worthy of our a t t e n t i o n  are ethylene oxide and methyl bromide 
which can be used f o r  s t e r i l i z a t i o n  both of  i n d i v i d u a l  p a r t s  of a s p a c e c r a f t  

and f o r  t h e  s p a c e c r a f t  a s  a whole. 

Ethylene oxide possesses  high b a c t e r i c i d a l ,  v i r i c i d a l ,  f u n g i c i d a l  

i n s e c t i c i d a l  and o v i c i d a l  p r o p e r t i e s .  I n  many coun t r i e s  , ethylene oxide i s  

used i n  both t h e  pure form ( i n  France) and mixed with o t h e r  gases .  I t  i s  

capable o f  p e n e t r a t i n g  d i f f e r e n t  types of c l o t h  (30 l aye r s )  and m a t e r i a l s .  

Hot c l o t h ,  contaminated with b a c t e r i a l  spores  and placed i n  paper  s e a l e d  

covers ,  can be decontaminated by ethylene oxide a t  a concentrat ion of  450 mg/l 

a t  room temperature i n  4-6 hours .  Ethylene oxide i s  adsorbed by t h e  m a t e r i a l  

t o  be s t e r i l i z e d .  Desorbtion of  i t s  p r i n c i p a l  mass l a s t s  1.5-2 hour s ,  while 

small amounts remain f o r  4 o r  more days.  In  connection with t h e  f a c t  t h a t  

e thylene oxide i n  t h e  pure form i s  inflammable and l i a b l e  t o  explode i n  con- 

c e n t r a t i o n s  of  3 t o  80% i n  a i r ,  i t  i s  used I n  conjunction with substances 

which w i l l  not  support  combustion. A mixture of e thylene oxide and carbon 

dioxide i s  t h e  one most used abroad, while  r e c e n t l y  i t  has been mixed with 

f r eon  as w e l l .  

chamber. A mixture containing 10% ethylene oxide and 90% carbon dioxide i s  

t h e  one most widely employed. Th i s  mixture is  known under t h e  name of ca r tox  

o r  carboxide.  

f o r  s t e r i l i z i n g  s p a c e c r a f t  has been s t u d i e d  a t  d i f f e r e n t  temperatures - -  from 

When used i n  t h e  pure form, a vacuum i s  produced i n  t h e  

I n  t h e  USSR and USA, t h e  p o s s i b i l i t y  of  u s i n g  e thy lene  oxide 
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18 t o  40" -- and f o r  d i f f e r e n t  exposure times (up t o  24 h o u r s ) .  P o s i t i v e  

r e s u l t s  have been obtained.  

A number of  s imi la r  substances are known: oxifum, which c o n s i s t s  o f  80% 

carbon dioxide and 20% e thy lene  oxide ( i t  can i g n i t e  i f  t h e  e thy lene  oxide 

concen t r a t ion  i s  19-40%) ; cryoxide a,  which contains  11% ethylene oxide , 
79% tr ichlorof luoromethane and 10% dichlorodifluoromethane; cryoxide b y  

which c o n s i s t s  of 11% ethylene oxide , 54% tr ichlorof luoromethane and 35% 

dichlorodifluoromethane , and penoxide , which con ta ins  1 2 %  ethylene oxide 

and 88% dichlorodifluoromethane. When using e thy lene  oxide mixed with t h e  

above compounds, i nc reased  p res su re  i s  always developed i n  t h e  chamber and 

t h i s  r equ i r e s  a complex and c o s t l y  apparatus .  The s t e r i l i z i n g  e f f e c t  o f  a 

mixture o f  e thylene oxide with var ious i n e r t  gases ,  e s p e c i a l l y  f r eon ,  i s  

weaker than t h a t  of a mixture o f  e thylene oxide with carbon d iox ide .  I n  t h e  

gaseous s t a t e  , t h i s  type of mixture does no t  harm t h e  c l o t h ,  pape r ,  documents , 
polished and pa in t ed  f u r n i t u r e  and metal;  i t  does not  a l t e r  t h e  s t r e n g t h  o f  

p l a s t i c s .  

I n  the USA, p a r t i c u l a r  a t t e n t i o n  i s  being devoted t o  mixtures containing 

88% f reon  and 1 2 %  ethylene oxide, with 500 m g / l i t e r  o f  t h i s  mixture a t  a r e l a -  

t i v e  humidity of 35% and temperatures of 24 and 40°, exposure t ime = 24 hours.  

According t o  t h e  d a t a  o f  P h i l l i p s  (1966), it i s  easy t o  s t e r i l i z e  us ing  a gas 

containing 12% by weight of e thylene oxide and 88% f reon  1 2 .  

I n  c o n t r a s t  t o  fo re ign  methods of  using ethylene oxide,  Prishchep i n  

t h e  USSR (1964) with h i s  a s s o c i a t e s  (1967), Osipyan and t h e  author  of  t h i s  

a r t i c l e  (1967) have developed a method of  s t e r i l i z i n g  s p a c e c r a f t  by using a 

mixture of e thy lene  oxide and methyl bromide ("OBtt m ix tu re ) .  

can be used i n  t h e  pure form, b u t  i t  i s  not  p r a c t i c a l ,  s i n c e  t h e  methyl 

bromide i s  much i n f e r i o r  t o  e thylene oxide i n  terms of i t s  b a c t e r i c i d a l  

p r o p e r t i e s .  A mixture of  t h e  two b a c t e r i c i d a l  gases i s  very e f f e c t i v e .  In  

a d d i t i o n ,  methyl bromide w i l l  n o t  support  combustion. I n  working ou t  ways of  

s t e r i l i z a t i o n  us ing  t h e  "OB" mixture ,  t he  e f f e c t  of gas s t e r i l i z a t i o n  on many 

ma te r i a l s  was s t u d i e d :  pa in t ed  su r faces  , adhesives , l u b r i c a n t s  , r e s i n s  , 

Methyl bromide 
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adhesive compounds and radioelements,  used f o r  t h e  manufacture of s p a c e c r a f t .  

A grea t  many d i f f e r e n t  m a t e r i a l s  and devices were t e s t e d ,  b u t  t h i s  of  course 

was i n s u f f i c i e n t .  The s tudy o f  m a t e r i a l s  and coat ings following s t e r i l i z a t i o n  

w a s  performed i n  accordance with e x i s t i n g  methods of t e s t i n g  the  s t r e n g t h  and 

d u r a b i l i t y  of m a t e r i a l s .  Five samples of each m a t e r i a l  were subjec ted  t o  t h e  

ac t ion  of  t h e  gas mixture and f i v e  samples serve  as c o n t r o l s .  The r e s u l t s  of  

t h e  t e s t i n g  of t h e  experimental  and cont ro l  samples revealed t h a t  s t e r i l i z a t i o n  

with t h e  lfOB" mixture has no effect  on t h e  physical  and chemical p r o p e r t i e s  

/172 of  t h e  mater ia l s  and does not  change t h e  e x t e r n a l  appearance of t h e  m a t e r i a l s  - 
o r  coat ings.  

The d i e l e c t r i c  c h a r a c t e r i s t i c s  of t h e  wires  which were used i n  t h e  

experiment ( 4  types) d i d  not  change. We s t u d i e d  t h e  effect  of gas s t e r i l i -  

za t ion  on coat ings,  radioelements,  as wel l  as  c a p a c i t o r s ,  diodes,  t r i o d e s ,  

r e s i s t o r s ,  r e l a y s ,  connectors,  remote-control switches,  e t c .  A t e s t  of t h e  

radioelements before  and a f t e r  s t e r i l i z a t i o n  as wel l  as a f t e r  one and t h r e e  

months of s torage  showed t h a t  t h e  e l e c t r i c a l  parameters of  t h e  radioelements 

did n o t  change and remained wi th in  t h e  l i m i t s  s e t  by t h e  t e c h n i c a l  condi t ions .  

Var ia t ions  between t h e  r e s u l t s  of measurements of t h e  parameters a t  var ious 

s t a g e s  of t h e  t e s t s  i n  t h e  case of t h e  s t e r i l i z e d  samples of  radioelements 

were of t h e  same order as those among t h e  cont ro ls  which had n o t  been 

s t e r i l i z e d .  

A considerable  amount of work w a s  done i n  s tudying t h e  e f f e c t  of gas 

s t e r i l i z a t i o n  using t h e  "OB" mixture on p l a s t i c s  and r e s i n s ,  used i n  medicine 

(Shcheglova, Gerbova, 1965). A t e s t  of f i v e  d i f f e r e n t  samples of p l a s t i c  and 

p a r t s  made of them showed t h a t  s t e r i l i z a t i o n  has no e f f e c t  on t h e i r  physical  

and mechanical p r o p e r t i e s ,  with the  except ion of polystyroene microcracks 

appeared i n  P e t r i  d i shes  made of t h i s  m a t e r i a l  a f t e r  s t e r i l i z a t i o n .  

these  d a t a  i n d i c a t e  t h a t  t h e  gas method may be used f o r  s t e r i l i z a t i o n  of 

spacecraf t  . 

A l l  of 

When s t e r i l i z i n g  l i q u i d s  which a re  aboard t h e  s p a c e c r a f t ,  e s p e c i a l l y  o i l ,  

it i s  poss ib le  t o  use a mechanical method of  s t e r i l i z a t i o n  - -  f i l t r a t i o n .  

However, i n  order  t o  g e t  r i d  of v i r u s e s ,  s p e c i a l  f i l t e r s  must b e  used. 
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The b a c t e r i c i d a l  substances i n  t h e  form of s o l u t i o n s  possess  higher  

e f fec t iveness  than when i n  t h e  gaseous s ta te ,  b u t  s o l u t i o n s  are n o t  s u i t a b l e  

f o r  s t e r i l i z a t i o n  of t h e  e n t i r e  spacecraf t .  

s t e r i l i z i n g  ind iv idua l  p a r t s  during t h e  assembly o f  a s p a c e c r a f t .  

substances i n  s o l u t i o n s  may be used f o r  s a n i t a r y  and hygienic  packing and 

cleaning of t h e  l a b o r a t o r i e s  where t h e  assembly of t h e  s p a c e c r a f t  takes  p l a c e ,  

f o r  reducing t h e  content o f  microf lora  growth i n  t h e  environment and on t h e  

p a r t s  of  t h e  objec t  being assembled. This  w i l l  lead t o  a decrease i n  t h e  

number of microorganisms and have a p o s i t i v e  inf luence  on subsequent s te r i l i -  

za t ion  of t h e  assembled o b j e c t s .  

They can only be recommended f o r  

Chemical 

Success i n  s t e r i l i z a t i o n  of an e n t i r e  spacecraf t  depends t o  a considerable 

degree on t h e  l e v e l  of i n i t i a l  contamination of t h e  p a r t s .  Therefore ,  i n  

order  t o  prevent the  accumulation of  microorganisms i n  t h e  l a b o r a t o r i e s  and on 

t h e  p a r t s  o f  t h e  apparatus ,  e s p e c i a l l y  i n  t h e  assembly labora tory ,  it is  

recommended t h a t  s t r i c t  s a n i t a r y  and hygienic  requirements be imposed 

(cleaning of t h e  a r e a ,  f i l t r a t i o n  of the  a i r  t h a t  e n t e r s  t h e  labora tory ,  

careful  wiping of  t h e  equipment, observat ion of hygiene and a s t r i c t  work 

regime by the  personnel) . 
Various chemical substances used f o r  t h e  t reatment  of d i f f e r e n t  sur faces  /173 

i n  i n d u s t r i a l  environments have been s t u d i e d .  One of  t h e  b e s t  has been found 

t o  be hydrogen peroxide,  which (as we know), possesses  b a c t e r i c i d a l ,  s p o r i -  

c i d a l  and v i r i c i d a l  p r o p e r t i e s .  Concentrated s o l u t i o n s  of  hydrogen peroxide 

a re  good oxid izers ;  t h e  hydrogen peroxide breaks down completely i n  t h e  

course of ox ida t ion ,  and does not  generate  any s i d e  products .  Experiments 

performed under laboratory condi t ions have shown t h a t  hydrogen peroxide i s  

e f f e c t i v e  with respec t  t o  microorganisms t h a t  a re  i n  t h e  vege ta t ive  s t a t e  i n  

a concentrat ion of  3-5%, and with regard  t o  spores -- i n  a concentrat ion of 

3-10% (depending on t h e  type of spores) ;  concentrat ions of 1 t o  5% are  needed 

t o  k i l l  v i r u s e s .  A disadvantage of hydrogen peroxide i s  t h e  high sur face  

tens ion  (73  dPes /cm);  however, t h i s  can be reduced by adding s u r f a c t a n t s ,  f o r  

example, 0 .5% s u l f a n o l .  To give t h e  hydrogen peroxide s o l u t i o n  cleaning power, 

preparat ions have been s e l e c t e d  from the  group of anionact ive d e t e r g e n t s ,  

with which it i s  compatible i n  any r a t i o .  The addi t ion  of  such anionactive 
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substances t o  hydrogen peroxide reduces t h e  s u r f a c e  t ens ion  o f  t h e  s o l u t i o n  

t o  28.8 dynes/cm, which i n  t u r n  makes i t  p o s s i b l e  t o  lower t h e  s tandard f o r  

consumption of peroxide and simultaneously ensure complete and uniform 

cpa t ing  of  t h e  s u r f a c e .  

substance w i l l  then have b a c t e r i c i d a l  and s p o r i c i d a l  a c t i v i t y  (Shumayeva , 
1966) ; treatment o f  s u r f a c e s  i n f e c t e d  with v e g e t a t i v e  and sporogenous forms 

o f  microorganisms , us ing  t h e  method of  wiping and using 70-100 m l / m 2  

ensure reducing contamination by 99.99-100% with a s i n g l e  wipe of  t h e  s u r f a c e  

o f  t h e  t i l e  or g l a s s ,  while  two wipes are necessary f o r  wood. 

peroxide con ta in ing  a cleaning agent w i l l  no t  a l t e r  the  s t r u c t u r e  of  wooden 

p a i n t e d  o r  unpainted s u r f a c e s  , p l a s t i c  and polymer m a t e r i a l s  

many me ta l s .  

c lo th ing .  Increasing t h e  temperature r e i n f o r c e s  t h e  a c t i v i t y  of t h i s  

mixture with r e s p e c t  t o  microorganisms. Thus , f o r  example i f  t h e  s t e r i l i t y  

of va r ious  o b j e c t s  ( including p l a s t i c s  and r e s i n s )  contaminated with vegeta- 

t i v e  forms o f  microorganisms i s  e s t a b l i s h e d  a t  a temperature of t h e  s o l u t i o n  

of 20-22" by submerging t h e  o b j e c t  i n  a 3% s o l u t i o n  of hydrogen peroxide with 

0.5% de te rgen t  while  o b j e c t s  i n f e c t e d  with spores  of  malignant anthrax can 

be  decontaminated by immersing them i n  a 6% s o l u t i o n  of t h i s  mixture ,  i n -  
c r eas ing  t h e  temperature of  t h e  s o l u t i o n s  t o  50' means t h a t  t h e  concentrat ion 

o f  hydrogen peroxide can b e  reduced by a f a c t o r  of  two. 

s o l u t i o n s  o f  hydrogen peroxide mixed with anionact ive de t e rgen t s  provides  a 

wide range of e f f e c t i v e n e s s  and r e l i a b l e  performance i n  t r e a t i n g  su r faces  and 

the  a i r  of t h e  environment. 

A mixture of  hydrogen peroxide with a cleaning 

w i l l  

Hydrogen 

dense r e s i n s  and 

I t  may a l s o  be  used f o r  decontaminating dropcloths  and s p e c i a l  

Hence, using 

There a r e  many o t h e r  b a c t e r i c i d e s  which possess  s p o r i c i d a l  p r o p e r t i e s  

b u t  a l l  of them ( f o r  one reason o r  another) cannot be recommended f o r  t h e s e  

purposes,  s i n c e  some of them have an unpleasant  odor while  o t h e r s  corrode 

metals, e t c .  

which may be used f o r  s t e r i l i z a t i o n .  

s t e r i l i z a t i o n  of  i n d i v i d u a l  p a r t s  of a s p a c e c r a f t .  

One such p repa ra t ion  i s  be t a -p rop io lac tone ,  a 2% s o l u t i o n  of 

I n  t h e  USA, i t  i s  recommended f o r  

From t h e  preceding b r i e f  survey o f  t h e  r e s u l t s  o f  i n v e s t i g a t i o n s ,  it 

follows t h a t  t h e  problem of s t e r i l i z a t i o n  of s p a c e c r a f t  r e q u i r e s  f u r t h e r  

r e sea rch .  The d i f f i c u l t y  l i es  i n  the  fact  t h a t  a l l  of t h e  subs t ances ,  i n  
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addi t ion  t o  prolonged exposure a t  high temperature and i o n i z i n g  r a d i a t i o n  a t  

very high doses ,  s t i l l  cannot p e n e t r a t e  a l l  of  t h e  p a r t s  of a s p a c e c r a f t ,  

e s p e c i a l l y  t h e  a reas  where p a r t s  a r e  fas tened o r  glued on, e tc .  Hence, a l l  

measures which reduce the  contamination o f  t h e  s p a c e c r a f t  must be used. 

Among t h e  measures which a re  used i n  t h e  s t e r i l e  assembly of  apparatus ,  

w e  may include t h e  use of b i o l o g i c a l l y  a c t i v e  m a t e r i a l s .  

t o  use those mater ia l s  which have a high b a c t e r i c i d a l  a c t i o n  and s p o r i c i d a l  

e f f e c t i v e n e s s  with a wide range of an t imicrobia l  a c t i o n .  Recently,  many 

i n v e s t i g a t o r s  have been working on t h e  development and s tudy of var ious 

mater ia l s :  c l o t h ,  rubber,  lacquer-f i lm coat ings , which have an t imicrobia l  

c h a r a c t e r i s t i c s .  

by means of  impregnation o r  chemical combinations of b a c t e r i c i d e s  with 

macromolecular polymers (Shcheglova, Gerbova, 1965; Virnik,  Mal ' tsev,  1966) . 
Advances i n  chemistry during t h e  l a s t  decade have made i t  p o s s i b l e  t o  obta in  

mater ia l s  whose composition includes b i o l o g i c a l l y  a c t i v e  groupings , held 

toge ther  by chemical bonds of  t h r e e  types :  covalant ,  coordinate and i o n i c .  

I t  i s  d e s i r e a b l e  

Antimicrobial  p r o p e r t i e s  have been conferred on mater ia l s  

I n  p a r t i c u l a r ,  c e l l u l o s e  c l o t h  was s t u d i e d ,  as w e l l  as c l o t h  made of 

polyvinyl f i b e r  and capron. 

an t imicrobia l  p r o p e r t i e s  on these  types of c l o t h :  s a l t s  o f  heavy metals ,  
a n t i b i o t i c s ,  quaternary-ammonium compounds and prepara t ions  i n  t h e  phenol 

series.  
ant imicrobial  a c t i v i t y :  t h e i r  contamination with Staphy ZZococcus auxeus and 

i n t e s t i n a l  b a c i l l i  i s  reduced by 82-100%; t h e  a b i l i t y  of spores  of BaciZZus 
anthracoides i s  reduced by 75-98% when a 30-60 minute exposure i s  given. 

The following prepara t ions  were used t o  confer 

Cel lu lose  and s y n t h e t i c  f a b r i c s  containing t h e s e  prepara t ions  have high 

Combining prepara t ions  with c l o t h  by means of chemical bonds has con- 

s i d e r a b l e  advantages over t h e  impregnation of t h e  m a t e r i a l s  with t h e  same 

prepara t ions .  
c a n t l y  reduced even af ter  20-50..washings. 

t u r e s  f o r  30 minutes and prolonged s torage  f o r  2-3 years  (under room con- 

d i t i o n s )  have no effect on t h e  i n i t i a l  an t imicrobia l  a c t i v i t y  of t h e  c l o t h  

containing t h e  above mentioned prepara t ions .  

t o x i c  f o r  warm-blooded animals.  

The an t imicrobia l  a c t i v i t y  i s  r e t a i n e d  completely o r  i n s i g n i f i -  

Low (-14') and high (+120°) tempera- 

Antimicrobial  c l o t h  i s  not  
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Objects of personal  hygiene,  made of c l o t h  containing 6% hexachlorophene 

o r  20% 5-nitrofuryl-2-acrolein, t e s t e d  i n  long (15-30 days) experiments , showed 

less contamination (from 2 t o  130 t imes) than t h e  c o n t r o l s .  Cloth with 

hexachlorophene possessed h ighe r  an t imic rob ia l  a c t i v i t y  than c l o t h  containing 

5-nitrofuryl-2-acrolein. Antimicrobial  underclothing had no harmful effect  

on t h e  s k i n  and organisms of man. 

Rubber with an t imic rob ia l  p r o p e r t i e s  i s  a l s o  of  considerable  i n t e r e s t ;  

Compounds i t  can be obtained by adding b a c t e r i c i d e s  t o  t h e  rubber mixture.  

of t h e  phenol s e r i e s  hold t h e  most promise. 

r e s i s t a n t  t o  t h e  ac t ion  of e x t e r n a l  f a c t o r s  and have a c t i v e  b a c t e r i c i d a l  

p r o p e r t i e s .  Rubber based on n a t u r a l  and a r t i f i c i a l  l a t e x ,  containing 3-5% 

p a r t s  by weight of pentachlorophenol,  phenol,  oxidaphenyl, e t c . ,  has a high 

b a c t e r i c i d a l  a c t i v i t y .  Mor ta l i t y  of Staphy Zlococcus aweus  and i n t e s t i n a l  . 
b a c i l l i  i s  92-loo%, while t h a t  among spores  of anthracoid i s  70-98%. The 

use o f  similar amounts of b a c t e r i c i d a l  p repa ra t ions  causes no d e t e r i o r a t i o n  

of t h e  phys ica l  and mechanical c h a r a c t e r i s t i c s  of t h e  rubbe r .  The p repa ra t ions  

a r e  f i rmly h e l d  i n  t h e  rubber .  Long continuous exposure o f  t h e  samples t o  

water ( f o r  30 days) and t h e  ac t ion  of  high temperature (80-100') f o r  t h r e e  

days under condi t ions o f  a r t i f i c i a l  aging causes no desorpt ion of  t h e  

included p repa ra t ion ,  and the  b a c t e r i c i d a l  p r o p e r t i e s  remain a t  t h e  same 

l e v e l .  Rubber t h a t  i s  made from n a t u r a l  l a t e x  has  much h ighe r  an t imic rob ia l  

a c t i v i t y  than rubber t h a t  i s  made from a r t i f i c i a l  l a t e x .  The an t imic rob ia l  

c l o t h  and types of  rubber descr ibed above have no t o x i c  e f f e c t  as  f a r  as 

warm -blooded animals a r e  concerned. 

These p repa ra t ions  a r e  r e l a t i v e l y  

In add i t ion ,  t h e  development of  s e l f - s t e r i l i z i n g  p a i n t s  and f i l m s ,  

adhesives and o t h e r  m a t e r i a l s  i s  very important ;  t hese  can be used f o r  p a i n t -  

ing d ive r se  p a r t s  of  a s p a c e c r a f t .  Coatings of t h i s  kind would be ab le  t o  

ensure absence of  mic ro f lo ra  not  only on t h e  s u r f a c e  of  t h e  instruments  aboard 

the  spacec ra f t  b u t  a l s o  beneath t h e  coat ings of  p a i n t .  

b a c t e r i c i d a l  p a i n t  can be  used. In  a d d i t i o n  t o  t h e  m a t e r i a l s  l i s t e d  above, 

e f f o r t s  a r e  being made t o  make s e l f - s t e r i l i z i n g  p l a s t i c s .  B io log ica l ly  a c t i v e  

m a t e r i a l s  , e s p e c i a l l y  p a i n t  coat ings and var ious types of rubber ,  obviously 

could be  used i n  bu i ld ing  s p a c e c r a f t ,  and t h i s  would ensure a considerable  

Thus, s i l i c a t e  
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reduction i n  the microbial contamination of the  assemblies and p a r t s  of the 

spacecraft  . 
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THE PHYSIOLOGY OF GROWTH OF SPORES OF BACILLUS STEAROTHERMOPHILUS 

V .  I .  Seregin 

ABSTRACT: Spore germination i s  s t imu la t ed  by p rehea t ing  t o  
100°C f o r  10 min. An amino ac id  concen t r a t ion  o f  0 .01  mol 
i n  an L-arginine medium i s  optimal f o r  germination. An 
inc rease  i n  carbohydrate concentrat ion from 0.001 t o  0 . 1  mol 
r e s u l t s  i n  a r ise of t h e  germination percentage;  t r e h a l o s e  
i n  0 .01  mol concentrat ion i s  most e f f e c t i v e .  

A s  we know, prel iminary hea t ing  of  a suspension o f  spores  promotes t h e i r  

growth; a t  d i f f e r e n t  temperatures and hea t ing  times , t h e  number of spores  

which grow w i l l  vary (Hyatt ,  Levinson, 1960; Cook, Brown, 1965). In  a d d i t i o n ,  

t h e  concen t r a t ion  of va r ious  " i n i t i a t o r s "  i s  very important f o r  t h e  growth of  

spores  ( F i l d s ,  Finley,  1955; Hermier, 1962a, b ) .  Vitamins of  t h e  B group and 

o t h e r  substances a c t  as " i n i t i a t o r s "  f o r  spore growth (O'Brien, Campbell , 
1957). 

The purpose of t h i s  work was t o  i n v e s t i g a t e  f u r t h e r  t h e  condi t ions f o r  

t h e  growth of spores  o f  BaciZZus stemothermophiZus, s t r a i n  214 (Seregin,  

1968 a ,  b)  . 
Experimental Sect ion 

Method 

The o b j e c t  of  t h e  i n v e s t i g a t i o n  was a c u l t u r e  of B .  stearothermophitus, 
s t r a i n  214. In o rde r  t o  o b t a i n  t h e  spo res ,  a two-day c u l t u r e  which was grown 

on t i l t e d  p o t a t o  agar  a t  55' was t r a n s f e r r e d  t o  tomato aga r  (Amaha e t  a l . ,  

1956) , cons i s t ing  of 10% tomato j u i c e ,  0.5% KH2P04, and 2% aga r .  

c u l t u r i n g  f o r  seven days a t  5 5 " ,  t h e r e  was a n e a r l y  10% spore formation. 

Immediately p r i o r  t o  t h e  experiment, a suspension o f  t h e  spores  was c e n t r i -  

fuged according t o  t h e  method o f  Wolf and Mahmoud (1957) .  

A f t e r  

To begin wi th ,  we s t u d i e d  t h e  e f f e c t  of prolonged thermal a c t i v a t i o n  on 

t h e  growth of  spores  i n  t h e  experimental  c u l t u r e .  To do t h i s ,  t h e  spores 

which had been r i n s e d  with s t e r i l e  water were a c t i v a t e d  by hea t ing  them f o r  
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5 ,  10, 15, 20, 25 and 30 minutes a t  100". The a c t i v a t e d  spores  were placed 

on a medium with t h e  following composition ( i n  g /1  o f  d i s t i l l e d  wa te r ) :  

K2HP04 - -  30%; KH2P04 - -  10%; NH4C1 - -  5%; N a  S O  

MnS04 - -  0.01%; FeSO *7H20 - -  0.01%; CaC12 -- 0.001%; yeas t  e x t r a c t  (Difco) - -  
0.1% (by volume) , pH 7 . 3 .  As a c o n t r o l  , w e  used a volume of growing spores  

t h a t  had not  been a c t i v a t e d  by h e a t i n g ,  i n  a medium of t h e  same composition. 

The i n i t i a l  concentrat ion of spo res  i n  t h e  medium was 7 . 4 8 0 1 0 ~  p e r  m l .  

- -  1%; MgS04*7H20 -- 0.1%; 2 4  

4 

I n  t h e  next series of experiments,  w e  s t u d i e d  t h e  dependence o f  t h e  

growth o f  t he  spo res  on t h e  concen t r a t ion  i n  t h e  medium of  amino a c i d s ,  

carbohydrates and c e r t a i n  o f  t h e i r  d e r i v a t i v e s .  We added t h e s e  substances 

t o  t h e  mineral  medium without yeast e x t r a c t  i n  concen t r a t ions  o f  0.001, 

0 .01 and 0 . 1  M; t he  experiments were performed i n  t h e  medium with 0.001 M 
amino ac ids  i n  t h e  presence of t r e h a l o s e .  I n  t h e  f i rs t  c o n t r o l ,  t h e  medium 

d i d  not con ta in  t r e h a l o s e  while  i n  t h e  second t h e r e  w a s  no t r e h a l o s e ,  no 

amino a c i d s ,  no carbohydrates o r  t h e i r  d e r i v a t i v e s .  The concentrat ion o f  

spores  i n  both cases  was 6 . 9 0 1 0 ~  p e r  m l .  

In o t h e r  experiments,  w e  s t u d i e d  t h e  growth of  spores  i n  a medium which 

contained c e r t a i n  v i t amins .  A complex o f  vi tamins inc lud ing  thiamine 

(1,000 y / l )  , pan to then ic  and n i c o t i n i c  ac ids  - -  1,000 y / l ,  r i b o f l a v i n  - -  
200 y/l, i n o s i t e  -- 30 y / l  and cobalamine - -  2 y/l w a s  added t o  t h e  above 

mentioned mineral  medium with L-arginine (0.01 Pl) and t r e h a l o s e  (0.01 M ) .  In 

a d d i t i o n ,  with subsequent exclusion of  vi tamins from t h i s  complex, we s t u d i e d  

the  growth of  spo res .  In  t h e  c o n t r o l ,  we found a r e l a t i v e  content  of  growing 

spores  without a d d i t i o n  of vi tamins.  The o r i g i n a l  concen t r a t ion  o f  t h e  spores  

i n  t h e  medium was equal  t o  7 . 5 - l o 6  y / m l .  

Later, w e  s t u d i e d  t h e  grcwth of spo res  i n  a medium con ta in ing  substances 

which are most e f f e c t i v e  as f a r  as growth is  concerned. The percentage of  

t h e  growth of t h e  spo res  i n  t h i s  medium was compared i n  a medium of  t h i s  

kind and i n  a s t anda rd  medium with t h i o g l y c o l a t e  of  t h e  fol lowing composition 

( i n  g/1 o f  d i s t i l l e d  wa te r ) :  a c i d - p a n c r a t i c  hydro lysa t e  of p r o t e i n  -- 15; 

yeast  e x t r a c t  -- 5 ;  N a C l  -- 2.5; Na2HP0 - -  2.5; agar-agar  - -  1; glucose - -  5 ;  4 
c y s t e i n  - -  0.75; sodium t h i o g l y c o l a t e  - -  0.3;  pH - -  7.0 .  The number of spo res  

w a s  equal t o  7 . 2 0 1 0 ~  p e r  m l .  
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To determine t h e  number of growing spores ,  w e  used t h e  change i n  t h e i r  

o p t i c a l  c h a r a c t e r i s t i c s  i n  t h e  course of  growth. 

Erlenmeyer f l a s k s  (capaci ty  of 250 m l ,  with 50 m l  o f  s u b s t r a t e ) .  

Goryeyev chamber (1  m l  o f  f l u i d )  , w e  counted t h e  o r i g i n a l  number of spores ,  

which w a s  taken as loo%,  and t h e  number o f  spores  which d i d  not  grow following 

24 hours exposure a t  5 5 O .  

number of  t h e  l a t t e r .  

The c u l t u r e  was grown i n  

Using a 

The percentage of  growth was determined by t h e  

Dependence of Spore Growth on 
Duration of  Thermal Act ivat ion 

zcvr 
Figure 1 shows d a t a  on t h e  

I growth of  spores  as a func t ion  of 
: '1' 1' 70 ?j .it? t h e  dura t ion  of  hea t  t rea tment .  The 

growth curve was p l o t t e d  using poin ts  
Heating time, min. 

1 Figure 1. Effect of Duration of t h a t  were obtained from s i x  determi- 
Heat Treatment of Spores of 
Ba&ZZus stearothermophiZus on n a t i o n s .  These d a t a  i n d i c a t e  t h a t  

t h e i r  growth. a mineral  medium with yeast  e x t r a c t  

(cont ro l )  shows a growth o f  45% of 

t h e  spores t h a t  were not  a c t i v a t e d  by hea t ing .  Preliminary hea t  treatment of  
a spore suspension f o r  5 and 10 minutes increases  growth by 69 and 72%, 

respec t ive ly .  With f u r t h e r  hea t ing  (10, 15 and 20 minutes) , t h e r e  i s  a more 

o r  less s t a t i o n a r y  f r a c t i o n  which decreases gradual ly  (heat ing f o r  25 minutes) , 
fo1:lowed by a sharp drop i n  t h e  amount of spores  which grow (36%) with hea t ing  

f o r  30 minutes. 

/179 Effect  of Amino Acids, Carbohydrates and Certain of t h e i r  Derivat ives  on t h e  - 
Growth o f  Spores 

The dependence of t h e  growth of  spores  of  Ba&ZZus stearothemuphilus on 

t h e  concentrat ion of substances added t o  t h e  n u t r i e n t  medium i s  shown i n  t h e  

t a b l e .  

amino acids  is  r a i s e d  from 0.001 t o  0.01 M t h e  percentage of growth of spores  

increases  reaching a maximum i n  a medium with L-aspart ic  acid (57%) and 

L-arginine (54%). 

The r e s u l t s  of t h e  experiments i n d i c a t e  t h a t  when t h e  concentrat ion of 
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INFLUENCE OF VARIOUS CONCENTRATIONS OF AMINO ACIDS, CARBOHYDRATES 
AND CERTAIN OF THEIR DERIVATIVES ON THE GROWTH OF SPORES OF BACILLUS 

STEAROTHERMOPHILUS, STRAIN 214 

- ~- ~~ 

Concentral 
.001 M 

:omposition of Nu t r i en t  Medium - 

Iedium with t r e h a l o s e ,  0.001 M ( con t ro l )  
D i t t o ,  -+ 

. _  ._ _ _  - - - - .  . _  . - - 

L-arginine 
L-aspa r t i c  a c i d  
L-glutaminic a c i d  
L-orni t h i n e  
L- l y s i n e  
L-proline 
DL - t reon i  ne 
L- l euc ine  
DL-isoleucine 
E-h i s t id ine  H C 1  
L-valine 

Iedium without t r e h a l o s e  ( con t ro l )  
D i t t o ,  + 
Trehalose 
Glucose 
Maltose 
Saccharose 
Galactose 
Lactose 
Sorb os  e 
Arab i n  os e 
Glucosamine 
Mannite 

. I_ .- 
19 

23 
17 
18 
20 
17 
17 
4 
6 
3 
2 
6 

-- 

2 1  
17 
29 
10 
20 
17 
1 4  
36 
34 
27 

on of  Amino A - -  

0.01 M 
-- 

54 
57 
48 
44 
42 
47 
13 
19 
20 
4 1  
28 

- -  

60 
39 
47 
46 
42 
55 
34 
34 
44  
33 

i d s  
0 .1  M 
-- 

20 
33 
39 
30 
30 
27 
10 
21 
10 
25 
40 

- -  

67 
42  
54 
51 
44 
64 
37 
32 
54 
41 

NOTE: The growth o f  spores  as  expressed i n  percentages r e l a t i v e  t o  t h e  
o r i g i n a l  number of spo res .  The medium without t r e h a l o s e  ( con t ro l )  
contained 3% of  spo res  which grew. 

~ - . . _ _  ._ 

The percentage o f  growth of spores  decreases  q u i t e  s i g n i f i c a n t l y  with an /180 

inc rease  i n  the  concen t r a t ion  of t h e  ma jo r i ty  of amino ac ids  i n  t h e  medium, 

with t h e  except ion o f  L-valine and L-leucine,  where t h e r e  i s  a f u r t h e r  i n -  

crease i n  t h e  number of spo res  which grow t o  40 and 21%,  r e s p e c t i v e l y .  I t  i s  

s t r i k i n g  t h a t  i n  t h e  medium with a concentrat ion of c e r t a i n  amino ac ids  equal 

t o  0.001 M (DL-treonine, L-leucine,  DL-isoleucin6, L -h i s t id ine  HC1 and 

L-valine) t h e r e  i s  a very low degree o f  growth (4% on t h e  average) ,  i . e . ,  
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much lower than i n  t h e  c o n t r o l  (19%),  while i n  a medium con ta in ing  o t h e r  amino 

ac ids  (L-arginine , L-orni thine , L-glutaminic and L-aspa r t i c  a c i d s  , L-lysine 

and L-proline) , a t  the  same concen t r a t ion ,  18% of  t h e  spores  on t h e  average 

grew, i .e . ,  almost t h e  same amount as i n  t h e  c o n t r o l .  

S i m i l a r  r e s u l t s  are observed a t  a concen t r a t ion  of amino ac ids  equal t o  

0.01 M .  I n  a medium containing DL-treonine, L-leucine,  DL-isoleucine, and 

L-valine,  20% of t h e  spo res  on t h e  average grew, while  when o t h e r  amino ac ids  

were added (L-arginine,  L -aspa r t i c  and L-glutaminic a c i d ,  L-orni thine,  

L-lysine,  L-proline) , t h e  number of spores  which grew amounted t o  47% on t h e  

average. With a f u r t h e r  i n c r e a s e  i n  t h e  concentrat ion i n  t h e  medium of  

DL-treonine , DL-isoleucine , L - h i s t i d i n e  t h e  growth o f  t h e  spo res  was reduced 

t o  17% and t o  30% i n  a medium with o t h e r  amino a c i d s .  

As f a r  as t h e  e f f e c t  o f  carbohydrates on t h e  growth of spores  i s  con- 

cerned, t h e  d a t a  presented i n  Table 1 i n d i c a t e  t h a t  as t h e  concentrat ion of  

n e a r l y  a l l  of t h e  carbohydrates i n c r e a s e s ,  t h e  number o f  spores  t h a t  grow 

l ikewise inc reases  , reaching a maximum i n  a medium with 0 .01  M t r e h a l o s e  

(67%). The only exception i s  arabinose.  In  a concentrat ion of  0 .001  M ,  it 

i s  most favorable  f o r  growth (36% o f  t h e  spo res  grew).  I n  o t h e r  concentrat ions 

(0 .01  and 0 .1  M) t h e  number of  spores  which grew amounted t o  34 and 32%, 

r e s p e c t i v e l y .  

After t h e  experiment with t h e  carbohydrates,  t h e  i n c r e a s e  i n  t h e  con- 

c e n t r a t i o n  i n  a mineral  medium of c e r t a i n  of t h e i r  d e r i v a t i v e s  (glucosamine, 

manite) leads t o  an inc rease  i n  t h e  percentage o f  spo re  growth. I n  a d d i t i o n ,  

it is a l s o  necessary t o  p o i n t  out  t h a t  manite turned ou t  t o  be more e f f e c t i v e  

than glucosamine i n  a concentrat ion o f  0.001 M .  

t h e  percentage of growth was h ighe r  i n  a medium containing glucosamine. 

In  o t h e r  concentrat ions , 

The Ef fec t  o f  Ce r t a in  Vitamins on t h e  Growth - of -Spores  o f  t h e  Inves t iga t ed  
Cu 1 t u r e  

- 

The r e s u l t s  which i n d i c a t e  t h e  growth o f  spo res  of BaciZZus stemothermo- 
phiZus i n  a medium con ta in ing  c e r t a i n  vitamins are p resen ted  on page 225 .  

a medium with a complex o f  i n v e s t i g a t e d  vitamins , t h e  number o f  spores  which 

grow was 12% h ighe r  than i n  t h e  c o n t r o l .  

I n  

With subsequent exclusion o f  
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pan to then ic  and n i c o t i n i c  ac ids  from t h i s  complex, as wel l  as r i b o f l a v i n e ,  

t h e  e f f e c t i v e n e s s  of  t h e  growth changed i n s i g n i f i c a n t l y  and was 66% on t h e  

average. When o t h e r  vi tamines were missjng from t h e  medium (thiamine, 

i n o s i t e ,  cobalamine), t h e  degree o f  growth of spores  decreased t o  54% during 

t h e  first two cases and 46% i n  t h e  l a s t ,  i . e . ,  t h e  number o f  spores  which 

grew was less than i n  t h e  c o n t r o l  (57%). This i n d i c a t e s  t h e  f a c t  t h a t  t he  

spo res  of  t h i s  c u l t u r e  r e q u i r e  thiamine, i n o s i t e  and e s p e c i a l l y  cobalamine 

i n  o rde r  t o  grow. 

Compos i t i on o f  Nut ri e n t  Medium 

Medium with L-arginine,  0.01 M and 

D i t t o  plus  complex o f  vi tamins 
D i t t o ,  without :  

Thiamine 
Pantothenic  acid 
N i c o t i n i c  acid 
R i  bo f 1 avine 
Inos i t e  
Cob a1 amine 

t r e g a l o s e ,  0 .01  M .  

Concentration Growth of 
o f  Vitamins,y/l  Spores,  % 

1,000 
1,000 
1,000 

200 
30 

2 

57 
69 

54 
65 
66 
67 
54 
46 

Growth of Spores - i n  - -- S e l e c t e d  ~~ and ~- Standard ~~ Media 
_. - ~ 

We demonstrated e a r l i e r  t h a t  yeas t  e x t r a c t ,  t r e h a l o s e  (Seregin,  1968 a,b) 

and cobalamine a r e  most f avorab le  f o r  t h e  growth of s p o r e s .  

were added t o  a mineral  medium i n  concentrat ions of 0 . 1 % ,  0 .01 M and 2 y / l ,  

r e s p e c t i v e l y .  Growth of spo res  i n  t h i s  medium was t h e  same as t h e  growth i n  

the  s t anda rd  medium. 

Figure 2 .  The curves showing growth i n d i c a t e  t h a t  t h e  percentage of spores 

which grow i n  t h e  s e l e c t e d  medium i n  t h e  course of  24  hours incubat ion i s  

s i g n i f i c a n t l y  h ighe r  than i n  t h e  s t anda rd  medium. I f  w e  look a t  t h e  pe r -  

centage o f  spores  which grew i n  t h e  ind iv idua l  t i m e  i n t e r v a l s ,  w e  can s e e  t h a t  

2 hours spent  i n  t h e  s e l e c t e d  medium r e s u l t e d  i n  growth o f  t h e  same number o f  

spores  as i n  t h e  s t anda rd  medium a f t e r  24 hours .  

These substances 

The r e s u l t s  of spore growth i n  these  media a r e  shown i n  
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Evaluation o f  t h e  _ _ ~  Resu l t s  

Many authors  have po in ted  out  t h a t  hea t ing  spores  has  a p o s i t i v e  effect 

on t h e i r  growth (Curran, Evans, 1944, 1945; Reynolds, L i c h t e n s t e i n ,  1949; 

Powell, Hunter, 1955; Treadwell e t  a l . ,  1958). I n  a d d i t i o n ,  Cook and Brown 

(1965) demonstrated i n  t h e i r  work a similar effect o f  hea t  t reatment  on t h e  

growth of t h e  spores  of BaciZZus stemothermophilus. 
r e s u l t s  o f  our  work and i t  fol lows t h a t  hea t ing  a suspension of  spores  t o  

100' f o r  10 minutes i s  most favorable  f o r  t he  growth of t h e  spo res  i n  t h e  

experimental  c u l t u r e .  Obviously, t h i s  procedure i s  optimal f o r  t h e  a c t i v a t i o n  

of  t h e  enzyme system o f  spo re  growth. I t  was shown i n  t h e  works o f  Falcone 

and Coraco (1958, 1960) t h a t  hea t  t reatment  affects t h e  f e rmen ta t ive  apparatus 

of  t he  s p o r e s .  I t  was a l s o  found t h a t  as a r e s u l t  of h e a t i n g  t h e r e  i s  a 

s p l i t t i n g  of  t h e  L-alanine,  t h e  DNA-Ca complex and o t h e r  substances 

(Levinson, Hyat t ,  1955; Harrell ,  Mar t in i ,  1957). On t h e  b a s i s  of  t h e s e  d a t a ,  

Levinson and Hyatt (1955) suggested t h a t  heat  t reatment  a c t s  as  t h e  p r i n c i p a l  

metabol ic  f a c t o r  which r e s u l t s  i n  t h e  endogenic L-alanine being l i b e r a t e d  i n  

t h e  f r e e  s t a t e ,  which i n  t u r n  leads t o  a r i s e  i n  t h e  c a t a l y t i c  a c t i v i t y  of  

t h e  spore enzymes. 

These d a t a  confirm t h e  

/182 
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Many papers mention d i f f e r e n t  e f f e c t i v e n e s s  of  growth o f  spores  of  

var ious spec ie s  of Bac i l lu s  depending on the  concentrat ion o f  amino a c i d s ,  

carbohydrates and o t h e r  substances i n  t h e  medium (F in ley ,  1955; Hermier, 

1962 a ,  b ;  Martin,  Harper,  1963). 

i n  small concentrat ions s t i m u l a t e  the  growth of spores  of some forms of 

b a c t e r i a ,  while  they a r e  i n e f f e c t i v e  as f a r  as spores  o f  o t h e r  spec ie s  a re  

concerned, even i n  l a r g e  concen t r a t ions .  I n  a d d i t i o n ,  t h e r e  are considerable  

differences i n  t h e  growth of  spores  of  s t r a i n s  of c e r t a i n  b a c t e r i a  under t h e  

in f luence  o f  t h e  same subs t ances .  

They reported t h a t  i n d i v i d u a l  substances 

In ou r  work we a l s o  no t i ced  a considerable  d i v e r s i t y  i n  t h e  ac t ion  o f  

amino a c i d s ,  carbohydrates and o t h e r  substances as f a r  as t h e  growth of spo res  

i s  concerned. This d i v e r s i t y  a l s o  a p p l i e s  t o  t h e  concen t r a t ion  o f  substances i n  

t h e  growth medium, which complicates t h e  observat ion o f  t h e  requirements of  

t h e  spores  i n  t h e  experimental  c u l t u r e  during t h e i r  growth, although it  could 
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be followed i n  some cases. 
carbohydrates i n  t h e  medium leads t o  an increase  i n  t h e  number of spores  which 

grow. This i s  n o t  observed with an increase  i n  t h e  concentrat ion i n  the  

majori ty  of  amino ac ids .  

For example, t h e  increase  i n  t h e  concentrat ion of 

. -  

'Out 

Growth t i m e ,  hours 

S t r a i n  d i f fe rences  i n  t h e  

growth of spores  have a l s o  been 

de tec ted  i n  media containing 

c e r t a i n  vi tamins.  Thus, it was 

e s t a b l i s h e d  i n  t h e  work of 

O'Brien and Campbell (1957) t h a t  

n i c o t i n i c  acid i s  necessary f o r  

growth of spores  of B.  stearo- 
thermophihs , while i n  our work Figure 2 .  Growth of  Spores of BaciZZus 

stearothemophilus i n  t h e  Se lec ted  and w e  found t h a t  n i c o t i n i c  acid 
Standard Media. has an i n s i g n i f i c a n t  e f f e c t  on 

the  growth of spores of  t h e  

i n v e s t i g a t e d  s t r a i n  (214) of t h i s  

Before t h e  experiment , t h e  spores  were 
a c t i v a t e d  by hea t ing  them a t  100' f o r  
10 minutes, a f t e r  which they were added 
a t  a r a t e  of 1.2*106 t o  1 m l  t o  t h e  
medium, SS -- c a l c u l a t i o n  of  t h e  per -  same s p e c i e s .  Other vitamins 
centage of growth i n  t h e  i n t e r v a l  from 
6 t o  24 hours .  1, Growth i n  s e l e c t e d  ( e . g . ,  thiamine, i n o s i t e  and 

medium; 2 ,  Growth i n  s tandard  medium. e s p e c i a l l y  cobalamine) , on t h e  

o t h e r  hand, a r e  necessary f o r  

growth. I t  i s  i n t e r e s t i n g  t h a t  

cobalamine i n  small  concentrat ions ( 2  y / l )  has a g r e a t e r  e f f e c t  on t h e  growth 

of spores than o t h e r  vi tamins i n  h igher  concentrat ions.  

Divers i ty  i n  t h e  growth of t h e  spores  of t h e  i n v e s t i g a t e d  c u l t u r e  obvious- 

l y  has t o  do with d i f f e r e n t  permeabi l i ty  of t h e  substances t o  t h e  spores  o r  

t h e  degree of  readiness  of  t h e  spores  t o  metabolize a s p e c i f i c  s u b s t r a t e ,  o r  

is  r e l a t e d  t o  t h e  s t imula t ion  o r  suppression of  t h e  growth by substances i n  

var ious concentrat ions (Wolf, 1961). Obviously , w e  a r e  dea l ing  here  with t h e  

complex ac t ion  o f  f a c t o r s  which combine t o  s t i m u l a t e  t h e  growth o r  cause i t s  

p a r t i a l  i n h i b i t i o n .  
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I n  conclusion,  w e  should p o i n t  ou t  t h a t  t he  s tudy of t h e  growth o f  spores  

i n  a s e l e c t e d  medium shows how r a p i d l y  growth t akes  p l a c e  i n  i t  i n  comparison 

t o  a s t anda rd  medium. 

t h e  s t e r i l i t y  of  o b j e c t s .  F i n a l l y ,  t h e  growth of  spores  i s  in f luenced  by 

var ious phys ica l  and chemical f a c t o r s  whose s tudy should b e  t h e  o b j e c t  o f  

f u r t h e r  s tudy .  

This considerably expands t h e  p o s s i b i l i t i e s  of  checking 

Hence, w e  e s t a b l i s h e d  as a r e s u l t  of our  work t h a t  t h e  optimum medium f o r  

t h e  growth of spo res  of B stearothemophizus i s  a medium with t h e  following 

composition: ( i n  g r a m s / l i t e r  of d i s t i l l e d  w a t e r ) :  K2HP0 

NH C 1  - -  5; Na2S04 - -  1; MgSO4.7H 0 - -  0 . 1 ;  MnS04 -- 0.01;  FeSO -7H20 - -  0.01; 

C a C 1 2  -- 0.001; yeas t  e x t r a c t  (Difco) - -  0 . 1 %  (by volume); t r e h a l o s e  -- 0.01 M ;  

L-arginine -- 0.01 M ;  cobalamine -- 2 y / l ,  pH 7 .3 .  

-- 30; KH2P04 - -  10; 4 

4 2 4 

Con c l u  s i on s 

1. Spore growth i s  s t imu la t ed  by prel iminary hea t  t reatment  a t  100" f o r  

10 minutes.  

2 .  The concentrat ion of amino a c i d s ,  e s p e c i a l l y  i n  a medium o f  L-arginine 

equal t o  0 .01  M ,  i s  most f avorab le  f o r  t h e  growth of  s p o r e s .  

3 .  An i n c r e a s e  i n  t h e  concentrat ion o f  carbohydrates i n  t h e  medium from 

0.001 t o  0.01 and 0 .1  M l eads  t o  an i n c r e a s e  i n  t h e  percentage of  growth, 

with t r e h a l o s e  i n  a concentrat ion o f  0.01 M being most e f f e c t i v e  f o r  growth. 

4 .  Cobalamine (and t o  a l e s s e r  e x t e n t )  t h i a . i i ne  and i n o s i t e  are necessary 

f o r  t h e  growth o f  spores  o f  BaCilZus stearothemophiZus. 

5 .  The s e l e c t e d  medium i s  optimum f o r  the growth of spo res  o f  BaciZZus 

stearothermophiZus . 
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STERILIZATION OF SPACECRAFT 

A. A. Imshenetskiy and S. Abyzov 

ABSTRACT: The first s c i e n t i f i c  successes i n  h i s t o r y  involving 
t h e  s tudy of o u t e r  space have made real  t h e  p o s s i b i l i t y  of  de- 
t e c t i n g  l i f e  on o t h e r  p l a n e t s .  I n  t h i s  connection, t h e  t h r e a t  
of contaminating o t h e r  p l a n e t s  with t e r res t r ia l  forms of  l i f e  
has a r i s e n ,  e s p e c i a l l y  microorganisms, p r i o r  t o  t h e  performance 
of b i o l o g i c a l  s t u d i e s  on those p l a n e t s .  
c e r t a i n  aspec ts  of  i n t e r n a t i o n a l  l a w  a s  they apply t o  t h e  prob- 
lem of s t e r i l i z a t i o n  o f  spacecraf t .  
r e l a t e  t o  t h e  determinat ion of  t h e  r e s i s t a n c e  o f  microorganisms 
t o  unfavorable condi t ions  o f  space,  and var ious  methods of  ster-  
i l i z i n g  s p a c e c r a f t  used i n  t h e  USSR and USA are d iscussed .  
ana lys i s  of  t h e  d a t a  a v a i l a b l e  i n  t h e  l i t e r a t u r e  shows t h a t  t h e  
problem of s t e r i l i z a t i o n  of spacecraf t  i s  be ing  solved success- 
- f u l l y  a t  t h e  present  time, 

The a r t ic le  treats 

Problems are discussed which 

An 

Thanks t o  t h e  considerable  successes  which have been a t t a i n e d  i n  t h e  

s tudy of ou ter  space,  i t  i s  now poss ib le  f o r  t h e  f irst  time i n  h i s t o r y  f o r  
s c i e n t i s t s  t o  make a c t u a l  a t tempts  t o  d e t e c t  l i f e  on o t h e r  p l a n e t s .  

However, a t  the  same time t h a t  t h e r e  have been successes  i n  space 
technology, a real t h r e a t  has a r i s e n  of  contamination o f  o t h e r  p l a n e t s  by 

t e r r e s t r i a l  l i f e  forms, e s p e c i a l l y  microorganisms, p r i o r  t o  t h e  performance 

of  b i o l o g i c a l  s t u d i e s  on those p l a n e t s .  

On t h e  b a s i s  of t h e  assumption t h a t  l i f e  can a r i s e  and develop wherever 

appropriate  favorable condi t ions e x i s t  f o r  i t ,  Lederberg and Cowie (1958), 

Davis and Communtzis (1960), Sagan (1960), Imshenetskiy (1962), Anders (1961) 

have s tudied  i n  considerable  d e t a i l  t h e  problem of p o s s i b l e  b i o l o g i c a l  

contamination of the heavenly bodies by t e r r e s t r i a l  l i f e  forms. 

This problem i s  c l o s e l y  r e l a t e d  t o  t h e  s o l u t i o n  of t h e  problem of t h e  

o r i g i n  o f  l i f e .  According t o  t h e  theory t h a t  d i f f e r e n t  p l a n e t s  may be a t  

d i f f e r e n t  s tages  of  organo-chemical evolu t ion ,  many s c i e n t i s t s  have expressed 

t h e  f e a r  t h a t  even t h e  exhaust gases of spacecraf t  f a l l i n g  i n t o  t h e  atmos- 

phere of another p l a n e t  could lead  t o  undesirable  a u t o c a r a l y t i c  phenomena 

and thereby provoke c e r t a i n  a r t i f i c i a l  deviat ions which would d i s t u r b  t h e  
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study of  t h e  s p e c i f i c  condi t ions o f  a given p l a n e t ,  thereby d i s t u r b i n g  t h e  

n a t u r a l  course of organo-chemical evo lu t ion  on t h a t  p l a n e t .  

However, t h e  ma jo r i ty  of i n v e s t i g a t o r s  feel  t h a t  t h e r e  i s  i n s u f f i c i e n t  

- b a s i s  f o r  such f e a r s ,  s i n c e  p e n e t r a t i o n  of  n e g l i g i b l e  t r a c e s  of dead o rgan ic  

ma t t e r  can s c a r c e l y  have a s i g n i f i c a n t  e f f e c t  on t h e  course of organo-chemical 

evolut ion o f  an e n t i r e  p l a n e t .  

However, t h e r e  i s  an extremely g r e a t  and r e a l  danger of t h e  t r a n s f e r  o f  

l i v i n g  substance,  f o r  example microorganisms. The s i t u a t i o n  might be otherwise 

i n  t h i s  case.  

The t r a n s p l a n t e d  microorganisms e i t h e r  might d i e  i f  t h e  favorable  con- 

d i t i o n s  r equ i r ed  f o r  t h e i r  ex i s t ence  were absent o r  could e n t e r  a s t a t e  of 

complete anab ios i s .  When t h e  condi t ions on t h e  p l a n e t  a r e  favorable  f o r  t h e  

m u l t i p l i c a t i o n  of t e r r e s t r i a l  microorganisms, t h e  l a t t e r  could e i t h e r  com- 

p l e t e l y  smother t he  a b o r i g i n a l  forms i n  t h e  course of t h e i r  m u l t i p l i c a t i o n  o r  

could e x i s t  p a r a l l e l  with them. In  t h i s  ca se ,  t h e  answer t o  t h e  problem o f  

the  s i m i l a r i t y  o r  d i f f e r e n c e  between l i f e  on Earth and t h a t  on o t h e r  p l a n e t s  

would be extremely d i f f i c u l t .  

I n  connection with t h e  development of t h e  problem of s t e r i l i z a t i o n  of 

s p a c e c r a f t ,  at tempts have been made t o  do away with t h e  need f o r  s t e r i l i -  

za t ion  of s p a c e c r a f t ,  on t h e  assumption t h a t  t h e  extremely h o s t i l e  cond i t ions  

i n  space (high vacuum, u l t r a v i o l e t  and pene t r a t ing  r a d i a t i o n ,  low temperatures) 

would have a profound e f f e c t  on microbes t h a t  e x i s t e d  i n  t h e  s t r u c t u r e  of  t h e  

s p a c e c r a f t .  In  answering the  ques t ion  as  t o  whether t h e  necessary s t e r i l i -  

za t ion  o f  a s p a c e c r a f t  could be achieved i n  t h e  course of i t s  t r a v e l  through 

i n t e r p l a n e t a r y  space,  we must keep i n  mind t h e  extreme r e s i s t a n c e  o f  micro- 

organisms t o  extrema1 condi t ions i n  space.  Thus , t h e  c l a s s i c a l  experiments o f  

Becquerel (1951) showed t h a t  superlow temperatures on t h e  o rde r  of -272 '  and 

the  condi t ions o f  a vacuum d i d  no t  lead t o  t h e  complete death of  t h e  organisms 

he s t u d i e d .  According t o  t h e  d a t a  o f  Portner  e t  a l .  (1961) and of Imshenet- 

s k i y  and Lysenko (1964, 1965),  c e r t a i n  microorganisms and t h e i r  spores  s u r -  

vived even b e t t e r  than i n  t h e  c o n t r o l  experiments i n  a high vacuum o f  

Hg and a temperature of  approximately -20'. 

mm 
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Obviously, i o n i z i n g  r a d i a t i o n  cannot s e rve  as  a method of k i l l i n g  micro- 

organisms i n  space.  The doses found t h e r e  a r e  incomparably small  r e l a t i v e  t o  

those  which a r e  undergone by b a c t e r i a  t h a t  mult iply i n  t h e  water  o f  atomic 

r e a c t o r s .  

O f  a l l  t h e  extremal f a c t o r s  o f  t h e  cosmic environment, t hose  t h a t  a r e  t h e  /186 

most l e t h a l  t o  microorganisms are t h e  u l t r a v i o l e t  r a y s .  Doses of t h e s e  r ays  

t h a t  e x i s t  i n  o u t e r  space are abso lu te ly  l e t h a l  f o r  a l l  microbes. However, 

t h i s  e f f e c t  i s  e a s i l y  overcome by the  s l i g h t e s t  s h i e l d i n g .  A s  i n d i c a t e d  by 

t h e  experiments by Fedorova (1969), a f i l m  of chromium only 800 8, t h i ck  

provides  r e l i a b l e  p r o t e c t i o n  f o r  spores  of BaeiZZus mesenterieus a g a i n s t  the 

e f f e c t  o f  UV-rays i n  a dose of 7 . 8 0 1 0 ~  ergs/cm2, equal t o  a l e t h a l  dose i n  

space .  

By means o f  d i r e c t  exposure of microorganisms under deep space cond i t ions ,  

Hotchin e t  a l .  (1965) were ab le  t o  show t h a t  var ious f a c t o r s  i n  t h e  cosmic 

medium (high vacuum , cosmic and UV-radiation, X-rays and sharp temperature 

v a r i a t i o n s )  , a l l  a c t i n g  t o g e t h e r ,  d id  not k i l l  t h e  t e s t  microorganisms. 

Hence, t h e  experimental  d a t a  which we have regarding t h e  s u r v i v a l  o f  

microorganisms under extremely unfavorable  condi t ions i n  space i n d i c a t e  q u i t e  

r e l i a b l y  t h a t  i t  w i l l  be necessary t o  perform c a r e f u l  s t e r i l i z a t i o n  of space- 

c r a f t  t h a t  a r e  intended t o  t r a v e l  t o  o t h e r  p l a n e t s .  Spacec ra f t  r e q u i r e  a 

constant  temperature c l o s e  t o  room temperature as  we l l  as normal p re s su re  

from p r e c i s e  operat ion of t h e  appa ra tus ,  as we l l  as s u f f i c i e n t  p r o t e c t i o n  

aga ins t  cosmic rays t h a t  prevents  s t e r i l i z a t i o n .  

A s  f a r  as the methods of s t e r i l i z a t i o n  a r e  concerned, they were devised 

long ago and a r e  widely used i n  b io logy ,  medicine and i n  c e r t a i n  branches o f  

i n d u s t r y .  

Consequently, t h e  problem o f  s t e r i l i z a t i o n  of s p a c e c r a f t  involves  a 

number o f  independent q u e s t i o n s .  

1. Theore t i ca l  reasons f o r  t h e  need t o  s t e r i l i z e  s p a c e c r a f t .  The 

e f f e c t  of extremal f a c t o r s  of  t he  space medium on microorganisms. 
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2 .  Methods and technology of s t e r i l i z a t i o n  of automatic s p a c e c r a f t  

intended t o  t r a v e l  t o  p l a n e t s  and land t h e r e .  

3.  S t e r i l i z a t i o n  of  manned s p a c e c r a f t .  

4. S t e r i l e  c o l l e c t i o n  o f  s o i l  samples from p l a n e t s  and t h e  development 

o f  methods of  s tudying them under s t e r i l e  cond i t ions .  

5 .  Enforcing a qua ran t ine  on spacec ra f t  and t h e i r  crews following 

r e t u r n  t o  Earth from o t h e r  p l a n e t s .  

P r i n c i p l e s  - of  S t e r i l i z a t i o n  -.  -~ o f  ~ ~- Spacec ra f t  
. -  - -  

I n  t h e  opinion of s p e c i a l i s t s  who d e a l  with t h e  problems of s t e r i l i z a t i o n  

of s p a c e c r a f t  ( J a f f e ,  1963a, b ;  Bruch, 1964; Sagan, Coleman, 1965; Mag i s t r a l e ,  

1966; Astafyeva e t  a l . ,  1967; Light e t  a l . ,  1967; Horowitz e t  a l . ,  1967; 

Vashkov, Prishchep, 1967; Hal l ,  1968; e t  a l . ) ,  t h e  degree o f  s t e r i l i t y  of  a 

s p a c e c r a f t  i s  n e c e s s a r i l y  l i nked  t o  t h e  p r o b a b i l i t y  of  contamination of t he  

p l a n e t .  In  o t h e r  words, a given s p a c e c r a f t  may be cha rac t e r i zed  as s t e r i l e  

only i n  t h e  sense t h a t  t h e  p r o b a b i l i t y  of  i n f e c t i o n  from v i a b l e  microorganisms 

from t h i s  s p a c e c r a f t  i s  q u i t e  low. 

I n  1959, Davies and Communtzis ( c i t e d  i n  Horowitz e t  a l , ,  1967) proposed a 

p r o b a b i l i t y  e s t ima te  of  

p l a n e t  by t h e  landing of  s p a c e c r a f t .  Somewhat l a t e r ,  J a f f e  (1963 a , b ) ,  on 

t h e  b a s i s  of c a l c u l a t i o n s  he has  performed, reached t h e  conclusion t h a t  t h e  

p r o b a b i l i t y  o f  contamination of t h e  p l a n e t  by automatic s p a c e c r a f t  s e n t  t o  

Mars according t o  h i s  d a t a  must no t  exceed I n  h i s  opinion,  t h e  

p o s s i b i l i t y  o f  contamination of  Mars by successive manned s p a c e c r a f t  (an 

attempt a t  which w i l l  apparent ly  be made between 1985 and 2000) i s  very g r e a t .  

as t h e  acceptable  degree of contamination of  a 

A d e t a i l e d  mathematical model of t h e  qua ran t ine  p o l i c y  from Mars was 

prepared l a t e r  by Sagan and Coleman (1965). This work formed t h e  t h e o r e t i c a l  

b a s i s  o f  t h e  COSPAR r e s o l u t i o n  on t h e  n e c e s s i t y  of s t e r i l i z i n g  s p a c e c r a f t ,  

which was accepted i n  1964 i n  Florence.  

However, i n  t h e  opinion o f  s p e c i a l i s t s ,  a l l  o f  t h e  parameters which were 

considered i n  t h e  dec i s ions  of  COSPAR, app l i ed  t o  an o b j e c t i v e  e v a l u a t i o n  

/187 
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and reeva lua t ion .  As new information i s  accumulated (Horowitz e t  a l . ,  1967), 

changes must be made; a t  t h e  s p e c i a l  London Symposium o f  COSPAR (1967) on t h e  

methods of s t e r i l i z a t i o n  of  s p a c e c r a f t ,  appropr ia te  cor rec t ions  were made i n  

the  dec is ions  adopted earlier by COSPAR. 

According t o  t h e  d a t a  of Hal l  (1968) and Imshenetskiy (1968), t h e  

mathematical equations f o r  t h e  p r o b a b i l i t y  of contamination of p l a n e t s  by 

microorganisms a r r i v j  ng toge ther  with spacecraf t  may be represented as 

follows: 

(1) 
P = n,P (ni + n,P (nu )  

o r  
P r= P(n,). 

The p r o b a b i l i t y  of contamination of  a p lane t  by a s t e r i l i z e d  apparatus  i s  

whence 
P ( h ) =  P ( - Y >  1) 

(4) 

If w e  consider  t h a t  t h e  p o s s i b i l i t y  of landing i s  equal t o  u n i t y ,  t h e  

p r o b a b i l i t y  of contamination of a p lane t  by an u n s t e r i l i z e d  apparatus i s  as 

fol lows:  

/188 where T - i s  t h e  dura t ion  of  t h e  per iod of b i o l o g i c a l  s t u d i e s  of the  p l a n e t  - 
without human p a r t i c i p a t i o n ,  during which it  i s  necessary t o  

prevent con t amin at  i on ; 

P 

n 

P(ni) 

- i s  t h e  p r o b a b i l i t y  of contamination o f  t h e  p l a n e t  during time T ;  

- number of spacecraf t  which land o r  f a l l  on t h e  p l a n e t  during time T;  

- average p r o b a b i l i t y  t h a t  one out of n l  c r a f t  which land could cause 

n - number of c r a f t  which do not  make landings ( o r b i t a l  f l i g h t s ,  f ly -by  

Contamination of  t h e  p l a n e t s ;  

U 

mission) ; 
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P(nu) - mean p r o b a b i l i t y  t h a t  one of t h e  c r a f t  which does n o t  land w i l l  

cause contamination of t h e  p l a n e t ;  

n - number of s p a c e c r a f t  s e n t  t o  t h e  p l a n e t ,  e i t h e r  t o  land o r  no t ;  

- mean p r o b a b i l i t y  t h a t  sending nm craft  w i l l  cause contamination of  

- number of l i v i n g  microorganisms present ;  
- i n i t i a l  number of ce l l s  of l i v i n g  microbes p r i o r  t o  s t e r i l i z a t i o n ;  

P(N S+ 1) o r  P(N = 1) - p r o b a b i l i t y  t h a t  one o r  more microbes w i l l  be present ;  

m 
P(nm) 

N 

No 

h 

the  p l a n e t ;  

- t r a n s f e r  of l i v i n g  microorganisms t o  a p l a n e t ,  leading t o  i t s  

con t ami n a t  i on ; 

ph - p r o b a b i l i t y  t h a t  h w i l l  t ake  p l a c e ;  

r - landing on t h e  p l a n e t  o r  entrance i n t o  i t s  atmosphere of organisms 

which surv ive  s t e r i l i z a t i o n ;  

p ( r )  - p r o b a b i l i t y  t h a t  r w i l l  t ake  p l a c e ;  

- penet ra t ion  t o  the  sur face  of t h e  p l a n e t  o r  i n t o  i t s  atmosphere of  r '  

an organism 

s t e  ri 1 i zat  i on ; 

o r  organisms which have not  been subjected t o  

p ( r ' )  - p r o b a b i l i t y  t h a t  r '  w i l l  t ake  p lace ;  

g - growth and spread over t h e  sur face  of t h e  p l a n e t  o r  i n  i t s  atmo- 

sphere of t e r r e s t r i a l  microorganisms which surv ive  s t e r i l i z a t i o n ;  

p(g) - p r o b a b i l i t y  t h a t  g w i l l  occur;  

g '  - growth and spread over  t h e  sur face  of t h e  p l a n e t  o r  i n  i t s  atmos- 

phere of t e r r e s t r i a l  microorganisms which have not  been subjected 

t o  s t e r i l i z a t i o n ;  

p ( g ' )  - p r o b a b i l i t y  t h a t  g '  w i l l  t ake  p lace .  

An appropriate  ana lys i s  of a l l  t h e  condi t ions and experimental  d a t a  on 

t h e  content of microorganisms i n  spacecraf t  and t h e  e f f e c t i v e n e s s  of var ious 

methods of s t e r i l i z a t i o n  has made i t  p o s s i b l e  t o  conclude t h a t  t h e  p r o b a b i l i t y  

of contamination of  t h e  p l a n e t  by t e r r e s t r i a l  microorganisms w i l l  not  exceed 

10-3 

I n  o r d e r  t o  s a t i s f y  t h i s  requirement,  t h e  s p a c e c r a f t  capsule must be made 

of  m a t e r i a l s  which contain a minimum q u a n t i t y  of microorganisms, and under 

235 



condi t ions which reduce t h e  content  of microorganisms and t h e r e f o r e  can be 

sub jec t ed  t o  complete s t e r i l i z a t i o n .  I n  a d d i t i o n ,  t h e  capsule  intended €or 

s t e r i l i z a t i o n  must be mic rob io log ica l ly  i s o l a t e d  from any u n s t e r i l e  po r t ions  

of t h e  spacec ra f t  p r i o r  t o  t h e  moment of s e p a r a t i o n  from t h e  last s t a g e  of 
t h e  boos te r  rocket  during t h e  approach t o  the  p l a n e t .  

Morbidity of  Microorganisms . During _. - .  S t e r i l i z a t i o n  . 

Although the  mechanisms of t h e  death of microorganisms d i f f e r  f o r  va r ious  

methods of s t e r i l i z a t i o n ,  t h e  a c t u a l  course o f  t h e  p rocess ,  i n  t he  opinion 

of many s p e c i a l i s t s ,  i s  f r equen t ly  q u i t e  uniform, r e g a r d l e s s  of what agent i s  

used t o  achieve s t e r i l i z a t i o n .  

f r equen t ly  follows an exponent ia l  law ( i . e . ,  a t  a cons t an t  r a t e  i n  equal 

time i n t e r v a l s ) .  This occurs so f requent ly  t h a t  some i n v e s t i g a t o r s  have con- 

cluded t h a t  t h e r e  must be some common process  which l i e s  a t  t h e  bottom of  

t h e  ac t ion  of a l l  s t e r i l i z i n g  agents .  

The process of t h e  death of microorganisms 

On t h i s  b a s i s ,  Magistrale  (1966) suggests  t h a t  i t  would be p o s s i b l e  t o  

e s t a b l i s h  a d i r e c t  r e l a t i o n s h i p  between the  r a t e  o f  death of  microbes and 

t h e  time of ac t ion  o f  thermal ,  chemical o r  r a d i a t i o n  s t e r i l i z a t i o n .  Equal 

f r a c t i o n s  of  t h e  microbial  populat ion w i l l  d i e  i n  equal  time i n t e r v a l s .  

According t o  M a g i s t r a l e ' s  c a l c u l a t i o n s ,  t he  decimal time of r educ t ion  

of t h e  number of  l i v i n g  microbes i n  t h e  s t e r i l i z a t i o n  process  i s  determined by 

t h e  magnitude of t h e  t ime i n t e r v a l  during which 90% of  t h e  mic ro f lo ra  d i e  

under given s t e r i l i z a t i o n  cond i t ions .  The parameter ,  c a l l e d  t h e  D parameter,  

i s  considered as t h e  t ime r equ i r ed  t o  k i l l  any s p e c i f i c  microorganism with a 

p r o b a b i l i t y  o f  0 .9 .  

According t o  t h e  d a t a  of Mag i s t r a l e ,  t he  parameter D may be ca l cu la t ed  

f o r  c e r t a i n  b a c t e r i a l  spo res  f o r  t he  s t e r i l i z a t i o n  p rocess  us ing  dry vapor 

as s o l v e n t s :  
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Time , 
Mi nut e s 

0 
1 
2 
3 
4 
5 
6 

Number of Organisms 
Ki l l ed  

0 
900,000 
990 , 000 
999 , 000 
999,900 
999,990 
999 , 999 

Number of Organisms 
Which Survived 

1,000,000 
100,000 

10 , 000 
1,000 

100 
10 
1 

These d a t a  show t h a t  f o r  a concrete  s t e r i l i z e d  sample containing l o 6  - / 190 
microorganisms and a parameter D equal  t o  one minute, 999,999 organisms w i l l  

d i e  by t h e  end o f  t h e  s i x t h  minute and only one organism w i l l  t h e o r e t i c a l l y  

remain a l i v e .  

What i s  t h e  p r o b a b i l i t y  t h a t  t h i s  organism w i l l  s u rv ive  longer than 

s i x  minutes? Af t e r  hea t ing  f o r  f o u r  minutes,  999,999.9999 organisms w i l l  

t h e o r e t i c a l l y  be dead and 0.0001 w i l l  be a l i v e .  Obviously, t h i s  s a t i s f i e s  

t h e  o r i g i n a l  requirement e s t a b l i s h e d  f o r  t h e  p r o b a b i l i t y  of contamination. 

Since t h e  du ra t ion  of  s t e r i l i z a t i o n  depends on t h e  i n i t i a l  number of micro- 

organisms, i t  i s  necessary t o  know the  number of microbes on the  e x t e r n a l  

and i n t e r n a l  s u r f a c e s  of t h e  apparatus .  The number of microbes on t h e  s u r f a c e  

depends on the condi t ions under which p r e p a r a t i o n  of  t h e  apparatus  t akes  

p l a c e ,  as we l l  as on t h e  contamination of t h e  m a t e r i a l s  and t h e  devices  t h a t  

go i n t o  i t s  cons t ruc t ion .  

To c a l c u l a t e  t h e  t o t a l  number o f  microorganisms p r i o r  t o  s t e r i l i z a t i o n ,  

i t  i s  necessary t o  determine the  numbers on t h e  s u r f a c e  of t he  m a t e r i a l s ,  

devices and assemblies of a s p a c e c r a f t .  

Detection of Microorganisms i n  Various Mate r i a l s  -. . ... . -  .~. . . 

In t h e  s t anda rd  m a t e r i a l s  which a re  u s u a l l y  encountered i n  des ign ,  t h e  

contaminating b a c t e r i a l  a r e  found f a i r l y  e a s i l y .  However, r a p i d  development 

o f  space technology, intended f o r  t h e  i n v e s t i g a t i o n  of p l a n e t s ,  i s  p l ac ing  

new requirements on mic rob io log i s t s .  Determination of  t he  presence of 

microbes i n  such m a t e r i a l s  as p l a s t i c s ,  epoxy r e s i n s ,  f u e l ,  e t c . ,  i s  very 

important f o r  eva lua t ing  t h e  r e s u l t s  of  t e s t s  fol lowing s t e r i l i z a t i o n .  The 

s u r f a c e s  of t hese  m a t e r i a l s  may be  s t u d i e d  i n  va r ious  ways, b u t  t h e  content  
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o f  microbes i n s i d e  t h e  materials i s  extremely d i f f i c u l t  t o  determine. 

necessary t o  work ou t  s p e c i a l  methods o f  i n v e s t i g a t i o n .  

I t  i s  

A g r e a t  d e a l  of  work has  been done i n  t h i s  area i n  t h e  United S t a t e s ,  

where methods are used t o  d e t e c t  l i v i n g  organisms i n  s o l i d  materials. 

Opfel l  and Bandaruk (1966), i n  o rde r  t o  o b t a i n  a crushed sample, compared 

such methods as d r i l l i n g ,  crushing i n  a b a l l  m i l l ,  c rushing i n  a mortar ,  as 
well as s o l u t i o n  of s o l i d  m a t e r i a l s .  

d r i l l i n g  and the  s tudy o f  t h e  p a r t i c l e s  t hus  formed f o r  t h e  presence of 

b a c t e r i a .  

The most e f f e c t i v e  method proved t o  be 

The p r i n c i p a l  goal  of a l l  of  t h e s e  experiments had t o  do with t h e  

d e t e c t i o n  of  microorganisms ( r ega rd le s s  of t h e i r  phys io log ica l  p r o p e r t i e s )  , 
found i n s i d e  var ious materials t h a t  were used i n  t h e  assembly o f  s p a c e c r a f t .  

S i m i l a r  work has been performed i n  t h e  Sov ie t  Union. I n  o r d e r  t o  

d e t e c t  microbes i n s i d e  materials under s tudy ,  under cond i t ions  which completely 

exclude t h e  p e n e t r a t i o n  o f  o t h e r  mic ro f lo ra  i n t o  t h e  i n n e r  l a y e r s  o f  a sample, / I91 

t h e  I n s t i t u t e  of Microbiology of t h e  Academy of Sciences of t h e  USSR devised a 

method and b u i l t  a box with s p e c i a l  d r i l l i n g  apparatus .  A d e t a i l e d  d e s c r i p t i o n  

of t h e  box i s  given i n  t h e  work by Imshenetskiy and Abyzov (1966). 

Spec ia l  methods o f  s t e r i l i z a t i o n  were used f o r  t h e  s u r f a c e s  of  t h e  

i n v e s t i g a t e d  samples p r i o r  t o  i n s e r t i n g  them i n  t h e  chamber and s p e c i a l  

methods f o r  s t e r i l e  c o l l e c t i o n  o f  i n o c u l a t i o n  ma te r i a l  from t h e  i n t e r n a l  

l aye r s  of  t h e  i n v e s t i g a t e d  samples. The box makes i t  p o s s i b l e  t o  ca r ry  out  

microbiological  a n a l y s i s  o f  t he rmores i s t an t  m a t e r i a l s  on ly .  Figure 1 shows 

t h e  process of  r o a s t i n g  t h e  sample p r i o r  t o  i n s e r t i o n  i n t o  t h e  chamber. 

/193 - In o rde r  t o  avoid t r a n s f e r  of microbes during d r i l l i n g  from t h e  s u r f a c e  

l a y e r s  t o  the  i n t e r i o r ,  t h e  sample i s  i n i t i a l l y  s p l i t  i n  t h e  f i r s t  chamber i n t o  

two ha lves .  Then t h e  two ha lves  are t r a n s f e r r e d  t o  a second chamber with the 
su r face  of t he  s p l i t  p laced a g a i n s t  t h e  flame o f  a bu rne r .  

hatch i s  then screwed down. 

i n  t h e  c e n t r a l  p o r t i o n s  o f  i t  (Figure 2 ) .  

The opening of t h e  

D r i l l i n g  i s  performed on t h e  s u r f a c e  of t he  s p l i t ,  
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The d r i  1 led-out materi a1 

from t h e  sample under s tudy 

obtained i n  t h i s  fashion i s  

used as t h e  i n o c u l a t i o n  material ,  

which i s  t r a n s f e r r e d  on t h e  t i p  

of  a s c a l p e l  i n t o  t h e  n u t r i e n t  

medium (Figure 3) .  

In  a q u a l i t a t i v e  e s t ima te  

o f  t h e  microorganisms contained 

wi th in  var ious samples, s p e c i a l  

s c a l e s  f o r  weighing batches o f  

i nocu la t ion  m a t e r i a l  a r e  placed 

i n s i d e  the  box. 

The  s t u d i e s  o f  Astafyeva 

e t  a l .  (1967) have shown t h a t  

t h e  content of microbes w i t h i n  

t h e  ma te r i a l  o r  t h e i r  absence i s  

determined both by t h e  technol-  

ogy of t h e  product ion of  t he  

ma te r i a l  i t s e l f  as w e l l  as by 

i t s  d e n s i t y  and p o r o s i t y ,  on Figure 1. F i r i n g  of t h e  Sample P r i o r  
t o  I n s e r t i o n  I n t o  t h e  Chamber. which t h e  degree of p e n e t r a t i o n  

o f  microbes i n t o  t h e  depths o f  

t h e  m a t e r i a l  depends. These authors  s t a t e  t h a t  "although t h e  technique of 

preparing many m a t e r i a l s  ensures  t h e i r  complete s t e r i l i t y ,  subsequent handl ing 

of such m a t e r i a l s  and t h e  manufacture of  p a r t s  ( j o i n i n g  o f  s u r f a c e s ,  d e t a i l s ,  

assemblies) can l ead  t o  he rme t i c i za t ion  of mic ro f lo ra  and a t r a n s f e r  of t h e  

c u l t u r e  from t h e  s u r f a c e  t o  t h e  i n t e r i o r ,  i f  corresponding measures f o r  

s t e r i l i z a t i o n  are not  taken."  

These authors  performed an i n o c u l a t i o n  with samples c o l l e c t e d  from t h e  

inne r  l a y e r s  of 86 r a d i o - e l e c t r o n i c  elements on var ious n u t r i e n t  media. 

However, no microorganisms were found. The au tho r s ,  however, do not  r u l e  out 
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t he  p o s s i b i l i t y  o f  t h e  ex i s t ence  o f  v i a b l e  microorganisms within c e r t a i n  of 

t h e  r a d i o - e l e c t r o n i c  elements which they s t u d i e d .  

Figure 2 .  Samples t o  be Inves t iga t ed  Following Removal 
of Samples from t h e  Cen t ra l  P o r t i o n s .  

/192 

Figure 3 .  Inocu la t ion  of  a Sample I n  The S t e r i l e  
Chamber 
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I n  t h i s  connection, we should p o i n t  out  t h e  importance of t h e  s e n s i t i v i t y  

of  t h e  method o f  d e t e c t i n g  microorganisms. 

out t h a t  t h e  s e n s i t i v i t y  of  t h e  method of  d e t e c t i n g  t h e  v i a b l e  microorganisms 

depends on t h e  type of t h e  material being s t u d i e d .  For  example, Opfel l  and 

Bandaruk (1966) feel  t h a t  nega t ive  r e s u l t s  a r e  s t i l l  not a r e l i a b l e  i n d i c a t i o n  

of  t h e  s t e r i l i t y  of t h e  i n v e s t i g a t e d  m a t e r i a l .  

absence of  a h i g h l y  s e n s i t i v e  method of  d e t e c t i n g  microbes i n  c e r t a i n  cases ,  

a conclusion regarding s t e r i l i t y  may be reached on t h e  b a s i s  of i n d i r e c t  d a t a ,  

f o r  example on t h e  b a s i s  of  information regarding t h e  o r i g i n  o f  t h i s  m a t e r i a l  

o r  t h e  technology of i t s  p repa ra t ion .  On t h e  b a s i s  o f  t h e s e  cons ide ra t ions ,  

w e  can assume t h a t  metals  of d i f f e r e n t  types and t h e i r  a l l o y s ,  c e r t a i n  

i n d u s t r i a l  rubbers ,  t e x t o l i t e s  , f i r e - r e s i s t a n t  materials and c e r t a i n  

s y n t h e t i c  m a t e r i a l s  are s t e r i l e  i n s i d e .  

Many i n v e s t i g a t o r s  have pointed 

In  t h e i r  opinion,  i n  t h e  

By s e l e c t i n g  appropr i a t e  m a t e r i a l s  with a cons ide ra t ion  of t he  degree of  /194 

t h e i r  contamination by microorganisms , i t  i s  obvious t h a t  we can reduce t o  

a minimum the  content  of microorganisms i n s i d e  t h e  m a t e r i a l s  t h a t  a r e  used f o r  

b u i l d i n g  s p a c e c r a f t .  

Many i n v e s t i g a t o r s  (Davies , Communtzis, 1960; Davies, Horowitz, 1966; 

Astafyeva e t  a l .  , 1967; Vashkov, Pr ishchep,  1967; e t c . )  f e e l  t h a t  t he  process  

of p repa ra t ions  and assembly i s  t h e  most important source of  contamination of  

a s p a c e c r a f t  by microorganisms. 

Hence, even t h e  most s u p e r f i c i a l  ana lys i s  of t h e  d a t a  on microbial  

contamination of  va r ious  m a t e r i a l s  , s t r u c t u r e s  , and assemblies as we l l  as t h e  

s p a c e c r a f t  as a whole i n d i c a t e  t h a t  i n  o rde r  t o  achieve complete s t e r i l i t y  i t  

i s  necessary t o  use a number of appropr i a t e  methods o f  s t e r i l i z a t i o n  t h a t  a r e  

used a t  var ious s t a g e s  of technology i n  t h e  p repa ra t ion  of  a s p a c e c r a f t .  

Thermal S t e r i l i z a t i o n  _-- -... ~ -._~ 

A t  t h e  p re sen t  t ime,  t h e r e  i s  no uniform method of  s t e r i l i z a t i o n  of a 

s p a c e c r a f t  by means of dry h e a t .  

American s c i e n t i s t s  feel  t h a t  pharmaceutical  devices  and m a t e r i a l s  must 

be  s t e r i l i z e d  with dry h e a t  f o r  two hours a t  170". I n  England, it i s  f e l t  
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t h a t  such s t e r i l i z a t i o n  of  v e s s e l s ,  ampoules, etc.  must b e  performed i n  one 

hour a t  150". 
f o r  one hour a t  160-170' i s  s u f f i c i e n t  t o  achieve r e l i a b l e  s t e r i l i z a t i o n .  

I t  i s  o f f i c i a l  p o l i c y  i n  t h e  USSR t h a t  hea t ing  i n  a chamber 

The di f fe rences  t h a t  have been not iced  i n  t h e  times and temperatures can 

be explained p a r t l y  by p r a c t i c a l  experience and t h e  method o f  performing 

s t e r i l i z a t i o n  by dry h e a t  i n  these  count r ies ,  t h e  use o f  d i f f e r e n t  t es t  

microorganisms, and t h e  degree of contamination of t h e  apparatus t o  b e  

s t e r i l i z e d  (Bruch, 1964). 

The ex is tence  of  a l a r g e  amount of non-heat r e s i s t a n t  mater ia l s  i n  space- 

c r a f t  does not  allow t h e  use of  genera l ly  accepted methods o f  thermal 

s t e r i l i z a t i o n .  I n  t h e  a v a i l a b l e  l i t e r a t u r e ,  u n t i l  r e c e n t l y  t h e r e  were no 

d a t a  on the s t e r i l i z a t i o n  process using dry hea t  a t  low temperatures on the  

order  of  110-140". 

years  have i n t e n s i f i e d  our e f f o r t s  t o  f i n d  t h e  most e f f e c t i v e  methods of  

s t e r i l i z a t i o n  using dry  h e a t  a t  lower temperatures (110-140") . 

Therefore ,  both w e  and those working abroad i n  recent  

Studies  i n  t h i s  regard were begun with t h e  i s o l a t i o n  from na ture  of  

b a c t e r i a  with t h e  most h e a t - r e s i s t a n t  spores .  

According t o  t h e  d a t a  of  Bruch (1964), a f t e r  hea t ing  two s o i l  samples 

a t  a temperature of  120 t o  160", spore growth was observed and those cu l tures  

were i s o l a t e d  which were grown l a t e r  on under labora tory  condi t ions.  

These s t u d i e s  showed t h a t  t h e  formerly recommended method of hea t  

s t e r i l i z a t i o n  of  s p a c e c r a f t  a t  125-130" was i n s u f f i c i e n t l y  e f f e c t i v e .  

using various s t e r i l i z a t i o n  methods, c u l t u r e s  were i s o l a t e d  t h a t  possessed 

increased r e s i s t a n c e  t o  high temperature i n  comparison t o  the  o t h e r  sporogenous 

forms. 

By 

Another worker i n  t h e  same laboratory,  Koesterer (1964), l a t e r  succeeded 

i n  i s o l a t i n g  from s o i l  s t i l l  more heat  r e s i s t a n t  forms of  mesophyllic aerobic  

sporogenous b a c t e r i a .  

/195 

H e a t - r e s i s t a n t  spores  of microorganisms were then placed on var ious 

mater ia l s  (paper s t r i p s ,  asbestos  coat ings,  p l a s t e r ,  adhesive dry s tucco) ,  and 

these  i n f e c t e d  mater ia l s  were subjected t o  s t e r i l i z a t i o n  by dry hea t  a t  120". 
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The experiments showed t h a t  var ious s o l i d  mater ia l s  increased t h e  re- 
s i s t a n c e  o f  spores  of  EaciZlus subtiZis var .  niger  t o  s t e r i l i z a t i o n  by dry 

h e a t .  The same effect was obtained by these  authors when t e s t i n g  c e r t a i n  

o ther  s t r a i n s  of sporogoneous b a c t e r i a .  

Astafyeva e t  a l .  (1967) obtained a h e a t - r e s i s t a n t  spore t es t  c u l t u r e  

i s o l a t e d  from s o i l ,  on metal d isks  and c e r t a i n  mater ia l s  used i n  t h e  con- 

s t r u c t i o n  o f  s p a c e c r a f t ,  and subjec ted  these  tests t o  t h e  ac t ion  of tempera- 

t u r e  i n  t h e  range from 100 t o  200". 

I n  t h e i r  experiments,  t h e  death of t e s t  c u l t u r e s  on metal p l a t e s  a t  

100-102" took p l a c e  i n  12 hours ,  i n  11 hours a t  130°, and i n  15 minutes a t  

180". The authors  feel t h a t  i t  i s  necessary t o  take  i n t o  account t h e  t i m e  

required f o r  hea t ing  t h e  d i s k s  t o  t h e  appropr ia te  temperatures.  

a t i o n  of  s t e r i l i z a t i o n  o f  c e r t a i n  p a r t s  depends on t h e  na ture  of t h e  m a t e r i a l ,  

t h e i r  thermal capaci ty  and thermal conduct ivi ty ,  as wel l  as t h e  weight and 

t h e  shape o f  t h e  p a r t .  

The dur- 

Experiments were performed a t  t h e  I n s t i t u t e  of Microbiology of t h e  

Academy of Sciences of t h e  USSR t o  c l a r i f y  t h e  method t o  be used f o r  

s t e r i l i z a t i o n  of  i n f e c t e d  m a t e r i a l s  which d i f f e r  sharp ly  i n  t h e i r  charac te r -  

i s t ics  a t  temperatures of 102 -105". 

Spores of  BaciZZus mesentericus and B. subtiZis were t ranspor ted  t o  t i n  

The r e s u l t s  of t h e  experiments a r e  d i s k s ,  p ieces  of  c a l i c o  and poroplast.." 

shown i n  t h e  t a b l e .  

A s  w e  can s e e ,  the  m a t e r i a l  t h a t  was most d i f f i c u l t  t o  s t e r i l i z e  i s  

poroplas t ,  and consequently,  i n  order  t o  e s t a b l i s h  t h e  per iod o f  exposure,  it 

is necessary t o  proceed on t h e  b a s i s  o f  t h e  ex is tence  of t h e  d i f f i c u l t  

s t e r i l i z e d  m a t e r i a l s  which a r e  found i n  t h e  s p a c e c r a f t .  

The r e s u l t s  i n  t h i s  t a b l e  a l s o  i n d i c a t e  t h a t  t h e  r e s i s t a n c e  o f  t h e  spores  

t o  high temperatures may be a l s o  a f f e c t e d  by var ious p r o p e r t i e s  o f  t h e  tes t  

carriers. 

- - 

* T r a n s l a t o r t s  Note: t r a n s l a t i o n  unknown; l i t e r a l l y  I r a  porous layer .  
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In t h e  opinion of Bruch and Koestcrer (1962), s o i l  and c e r t a i n  o t h e r  t e s t  

carriers (under equal  cond i t ions  of humidity) make sporogenous forms more 

r e s i s t a n t  t o  t h e  a c t i o n  o f  dry h e a t .  

STERILIZATION WITH DRY HEAT AT A TEMPERATURE OF 102" OF MATERIALS 
CONTAINING SPORES OF BACILLUS SUBTILIS  A N D  B .  MESENTERICUS 

. . . .  

Material  s tud ied  ,-15 .,.l'7 .i.2.*-- o. .,. .,-8 , 
~ . . . . .  . . . . . . .  . . . .  , . . . . . . . . . . .  - . . . . . . . . .  __ 

Porop las t  
Cloth ( ca l i co )  
Metal ( i ron )  

P orop 1 as t 
Cloth ( ca l i co )  
Metal ( i ron )  

Control I Experiment I 

Ba& Z Zus sub ti Zis 
+ +  - - - - + + + + + +  
+ -  - - - - + + + + + +  
+ +  + - - - + + + + + +  

BaciZZus mesenterieus 
+ + + + +  - + + + +  + +  
+ -  - - - -  + + + + + +  
+ + + +  - - + + +  + + +  

....... ..... ............ 

Hence, t he  r e s u l t s  of  t h e  t es t s  which were performed i n d i c a t e  t h a t  by 

using h e a t - r e s i s t a n t  m a t e r i a l s  and a l s o  reducing t h e  temperature f o r  

s t e r i l i z a t i o n  i n  o r d e r  t o  lengthen t h e  pe r iod  of exposure,  we can c r e a t e  

e f f e c t i v e  methods of  thermal s t e r i l i z a t i o n  f o r  t h e  s p a c e c r a f t  as a whole. 

Bruch (1964) desc r ibes  t h e  s t e r i l i z a t i o n  of American s p a c e c r a f t  using dry 

h e a t  a t  a temperature o f  135" f o r  2 2  hour s .  

According t o  t h e  d a t a  of  Lorsch and Koesterer (1967), with t h e  method 

c u r r e n t l y  used i n  t h e  USA f o r  s t e r i l i z i n g  with dry h e a t ,  s p a c e c r a f t  a r e  

sub jec t ed  t o  160' f o r  t h r e e  hours o r  t o  105" f o r  two weeks. 

Radiation S t e r i l i z a t i o n ,  F i l t r a t i o n  . . . . .  and the Use of  B a c t e r i c i d a l  A u t o s t e r i l i z e r s  
. . . . . . . . . . . . .  . 

A s  we know, two methods a r e  s u i t a b l e  f o r  s t e r i l i z a t i o n  o f  apparatus and 

m a t e r i a l s  : 1) hea t ing  t o  130-180" and 2) i r r a d i a t i o n  with gamma-rays . However, 

i n  many cases hea t ing  t o  these  temperatures causes damage t o  e l e c t r o n i c  

apparatus .  Therefore ,  i t  becomes necessary t o  use s t e r i l i z a t i o n  with gamma- 

r a y s .  

/196 
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The method o f  s t e r i l i z a t i o n  using gamma-rays i s  enjoying inc reas ing  

p o p u l a r i t y  nowadays i n  medical p r a c t i c e  and t h e  food i n d u s t r y .  

effect  o f  dry h e a t  and i o n i z i n g  r a d i a t i o n  i s  very promising as  f a r  as s t e r i l i -  

zat ion of  c e r t a i n  he rme t i ca l ly  s e a l e d  r a d i o  p a r t s  i s  concerned. 

A combined 

Bruch (1964) and Koesterer  (1964) showed t h a t  a p o s i t i v e  e f f e c t  may be  /197 

obtained e i t h e r  by a l t e r n a t i n g  t h e  ac t ion  of dry h e a t  and gamma-radiation o r  
by simultaneous a c t i o n  o f  t h e s e  f a c t o r s .  

According t o  t h e  d a t a  o f  J a f f e  (1963 a, b ) ,  t h e  dose r equ i r ed  f o r  

s t e r i l i z a t i o n  of  materials and apparatus on a s p a c e c r a f t  i s  10 m i l l i o n  r a d s .  

However, Astafyeva e t  a l .  (1967), f e e l  t h a t  t h e s e  doses are much t o o  h igh .  

According t o  t h e i r  d a t a ,  s t e r i l i z a t i o n  of  r a d i o  p a r t s  containing spores of 

B .  mesentericus which are r e s i s t a n t  t o  the  a c t i o n  o f  gamma-rays can be  

accomplished with a dose of  2 .5  mi l l i on  r a d s .  

e f f e c t i v e  f o r  s t e r i l i z a t i o n  o f  porous rubber and c e r t a i n  l i q u i d s  t h a t  were 

considerably contaminated by a t e s t  c u l t u r e .  Spec ia l  tes ts  of s t e r i l e  r a d i o  

p a r t s  and m a t e r i a l s  f o r  var ious s to rage  t imes (from one day t o  t h r e e  months) 

showed t h a t  the r ad io - t echn ica l  parameters of  t h e  devices and t h e  phys ica l  

and chemical p r o p e r t i e s  of t h e  materials remain unchanged. The s t u d i e s  t h a t  

were performed i n d i c a t e d  t h a t  t he  use o f  r a d i a t i o n  s t e r i l i z a t i o n  i n  many 

cases i s  necessary and completely pe rmis s ib l e  i n  t h e  process  of s t e r i l i z a t i o n  

of  s p a c e c r a f t .  

The same dose proved t o  be  

With product ion o f  c e r t a i n  s t e r i l e  systems of  s p a c e c r a f t  and t h e  

maintenance o f  s t e r i l i t y  of  t hese  systems r e q u i r e  s t e r i l i z a t i o n  by means o f  

f i l t r a t i o n .  

F i l t r a t i o n  i s  widely used f o r  s t e r i l i z i n g  l i q u i d s  and gases. However, 

i n  t h e  opinion of  t h e  i n v e s t i g a t o r s  who dea l  with problems of s t e r i l i z a t i o n  of  

s p a c e c r a f t ,  t he  use o f  membrane f i l t e r s  i s  n o t  advantageous, s i n c e  they a r e  

f r equen t ly  damaged i n  t h e  course of f i l t r a t i o n .  Astafyeva e t  a l .  (1967) 

used asbestos  f i l t e r s  f o r  s t e r i l i z i n g  l i q u i d s ;  t h e s e  f i l t e r s  a r e  a l s o  used i n  

medical p r a c t i c e .  She confirmed t h a t  a s i n g l e  f i l t r a t i o n  of  a l i q u i d  con- 

t a i n i n g  one b i l l i o n  c e l l s  p e r  m l  r e q u i r e s  e f f e c t i v e  s t e r i l i z a t i o n  of  t h e  

l i q u i d ;  t h e  same e f f e c t  was obtained with l i q u i d s  e x h i b i t i n g  var ious degrees 

o f  v i s c o s i t y .  V i scos i ty  a f f e c t s  only t h e  du ra t ion  of t h e  f i l t r a t i o n  p rocess .  
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As f a r  as s t e r i l i z a t i o n  o f  gases is concerned, t h e  passage of  var ious 

gases and t h e i r  mixtures through s p e c i a l  s t e r i l e  f i l ters  which hold back 

micropar t ic les  ensures  completely s t e r i l i t y  of  t h e s e  gases ( J a f f e ,  1963 a, b; 

Lev, 1964). 

In t h e  process  of  s t e r i l i z a t i o n  of  s p a c e c r a f t ,  s p e c i a l i s t s  have f requent ly  

encountered d i f f i c u l t i e s  due t o  t h e  fact  t h a t  c e r t a i n  materials caanot b e  

s t e r i l i z e d  by t h e  necessary doses of  r a d i a t i o n ,  n o r  by temperatures t h a t  would 

ensure t h e  necessary degree of  s t e r i l i t y .  

problems of  s t e r i l i z a t i o n  o f  spacecraf t  are p a r t i c u l a r l y  i n t e r e s t e d  i n  a s tudy 

o f  t h e  b a c t e r i c i d a l ,  a u t o s t e r i l i z i n g  t h a t  a r e  used on spacecraf t .  

Therefore,  s p e c i a l i s t s  who work with 

Special  s t u d i e s  by Astafyeva e t  a l .  (1967) have shown t h a t  var ious 

materials t h a t  are used f o r  making spacecraf t  ( a l l o y s  of  Mg, A l ,  Cu, Ag, sur faces  

covered with s i l v e r  o r  copper, c e r t a i n  types of  rubber) as well as oxide f i l m s  

t h a t  a r e  produced under i n d u s t r i a l  condi t ions possess  an t imicrobia l  a c t i v i t y .  

When using c e r t a i n  enamels, t h e  microbial  i n f e c t i o n  i s  reduced by t e n s  of  thou- 

sands of  t imes.  

of p a i n t  and adhesive.  

However, t h e  t e s t  c u l t u r e  remains v i a b l e  beneath t h e  coat ings 

According t o  t h e  d a t a  of  Shank e t  a l .  (1962), Zsolnai (1962), Godding and 

Lynch (1965), t h e  l i q u i d  f u e l  which i s  used i n  s p a c e c r a f t  possesses  high 

b a c t e r i c i d a l ,  a u t o s t e r i l i z i n g  p r o p e r t i e s  t o  varying degress ,  while t h e  s o l i d  

f u e l  components do n o t  possess such p r o p e r t i e s .  

In t h i s  connection, p a r t i c u l a r  emphasis was p laced  on s t u d i e s  i n  which 

c e r t a i n  mater ia l s  and compounds used i n  space technology were given b a c t e r i -  

c i d a l  and a u t o s t e r i l i z i n g  p r o p e r t i e s .  Opfel l  (1963) p r e s e n t s  d a t a  i n d i c a t i n g  

t h a t  when small amounts of  paraformaldehyde were added t o  dyes, p l a s t i c s ,  

greases ,  and o t h e r  compounds, they acquired b a c t e r i c i d a l  and a u t o s t e r i l i z i n g  

p r o p e r t i e s .  

formaldehyde t o  var ious dyes and coat ings confers  b a c t e r i c i d a l  p r o p e r t i e s  on 

t h e s e  m a t e r i a l s .  Vashkov and Shcheglova (1968), i n  o r d e r  t o  obta in  b a c t e r i c i d a l  

c e l l u l o s e  c lo th  used on a s p a c e c r a f t ,  combined t h e  macromolecule of  c e l l u l o s e  

chemically with var ious b a c t e r i c i d a l  metals,  quaternary-ammonium bases  and 

phenol prepara t ions .  

- p o s i t i v e  arid gram-negative microorganisms t h a t  were placed on t h e i r  sur faces .  

Wil lard and Alexander (1964) showed t h a t  t h e  a d d i t i o n  of 3-7% 

These mater ia l s  produced t h e  death of  70-100% of gram- 
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Hence, i t  was shown experimental ly  t h a t  by using va r ious  methods i t  i s  

s t e r i l i z a t i o n  of  any material o r  device used on a p o s s i b l e  t o  achieve 

space craft . 
S t e r i l e  Assembly 

With sa t i s fac t  

devices ,  materials, 

p r i n c i p a l  source of 

on of  a l l  t h e  requirements of s t e r i l i t y  which apply t o  

connectors , j o i n t s ,  l u b r i c a n t s ,  coa t ings ,  e t c .  , t h e  

microbial  contamination of  a s p a c e c r a f t  i s  t h e  hands of 

t h e  engineer ing and t e c h n i c a l  personnel under condi t ions under which t h e  f i n a l  

assembly of t h e  o b j e c t  as a whole is performed. Therefore ,  i n  t h e  unanimous 

opinion of  t h e  s p e c i a l i s t s  who work on t h e  problem o f  s t e r i l i z a t i o n  of  

s p a c e c r a f t ,  assembly must be c a r r i e d  out  with observat ion of  t h e  same pre-  

caut ions t h a t  are usua l ly  used i n  a s u r g i c a l  o r  b a c t e r i o l o g i c a l  ope ra t ion .  

However, it must be emphasized t h a t  the absence of pathogenic mic ro f lo ra  i n  

t h e  operat ing a r e a  does no t  mean t o t a l  s t e r i l i t y  of t h e  a r e a .  In  o t h e r  words, 

t h e  requirements f o r  s t e r i l i t y  o f  t h e  a rea ,  i n s t rumen t s ,  hands and c l o t h i n g  

of t h e  personnel when assembling s p a c e c r a f t  must be s t r i c t e r .  

b)  f e e l s  t h a t  when l i q u i d  b a c t e r i c i d a l  agents  a r e  used t o  c lean s u r f a c e s  

during s t e r i l e  assembly, t h e  p o s s i b i l i t y  of b a c t e r i a l  contamination i s  from 

10-1 t o  

accompanied by a subsequent r a d i a t i o n  with u l t r a v i o l e t  l i g h t ,  t h e r e  i s  a 

f u r t h e r  sharp d e c l i n e  i n  t h e  p o s s i b i l i t y  of  contamination of  devices ,  i n s t r u -  

ments and m a t e r i a l s  by microbes. 

J a f f e  (1963 a ,  

p a r t i c l e s .  However, i f  t h e  t reatment  with b a c t e r i c i d a l  f l u i d s  is  

I n  t h e  s t u d i e s  of Vashkov e t  a l .  (1968), hydrogen peroxide was used t o  

s t e r i l i z e  t h e  s u r f a c e s  of t h e  m a t e r i a l s ,  devices  and working a r e a s .  I t  was 

shown t h a t  t h i s  substance i s  e f f e c t i v e  with r e s p e c t  t o  v e g e t a t i v e  c e l l s  i n  

a concentrat ion o f  3-5%, 3-10% f o r  spore forms and 1-5% f o r  v i r u s e s .  The 

shortcomings o f  hydrogen peroxide l i s t e d  by t h e  authors  inc lude  a high s u r f a c e  

t ens ion  of 73 dynes/cm. However, when mixed with d e t e r g e n t s ,  t h i s  p rope r ty  of 
hydrogen peroxide d i sappea r s .  

The p u r i t y  of t h e  a i r  i n  t h e  area i s  ensured by f i l t e r i n g  t h e  a i r  which 

i s  supp l i ed  t o  t h e  area through s p e c i a l  f i l t e r s .  
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S t e r i l e  assembly o f  i n d i v i d u a l  assemblies and p a r t s  i s  c a r r i e d  o u t  by 

using s p e c i a l  s t e r i l e  boxes f i t t e d  with rubber gloves.  The p r i n c i p l e s  o f  

t h e  cons t ruc t ion  o f  var ious boxes f o r  such purposes are descr ibed i n  papers 

by Webb and S o f t k i  (1953), P h i l l i p s  e t  a l .  (1955), T rex le r  and Reinolds 

(1957), Imshenetskiy and Abyzov (1966) and P h i l l i p s  (1966). 

A d e t a i l e d  d e s c r i p t i o n  of  t h e  methods of determining and considerably 

reducing t h e  number of  microbes i n  a reas  f o r  t h e  s t e r i l e  assembly o f  space- 

c r a f t  as we l l  as t h e  cons t ruc t ion  o f  s p e c i a l  boxes and a reas  f o r  t hese  pur-  

poses i s  given i n  a work by McDade e t  a l .  (1968). 

However, it should a l s o  be po in ted  out  t h a t  following s t e r i l i z a t i o n  of  

a l l  p a r t s  of a s p a c e c r a f t  and s t e r i l e  assembly, we s t i l l  cannot exclude the  

p o s s i b i l i t y  of microbial  contamination of open s u r f a c e s  and s e c t i o n s  of some 

p a r t s .  Therefore,  f o r  a f i n a l  s t e r i l i z a t i o n ,  i t  i s  necessary t o  use a 

method which w i l l  provide maximum b a c t e r i c i d a l  p r o p e r t i e s  but  w i l l  not  have a 

harmful e f f e c t  on any o f  t h e  s t r u c t u r e s  o r  m a t e r i a l s  o f  t h e  f i n i s h e d  product .  

Hence, gas s t e r i l i z a t i o n  i s  employed. 

Gas S t e r i  1 i z a t i  on 

In  add i t ion  t o  t h e  thermal and r a d i a t i o n  types of  s t e r i l i z a t i o n ,  as wel l  

as f i l t r a t i o n  of gases and l i q u i d s ,  and the  use o f  b a c t e r i c i d a l ,  a u t o s t e r i -  

l i z i n g  ma te r i a l s  and s t e r i l e  assembly during s t e r i l i z a t i o n  of s p a c e c r a f t ,  t h e  

gas method can be used.  The high l e v e l  o f  e f f e c t i v e n e s s  o f  t h i s  method as 

f a r  as s t e r i l i z a t i o n  of  i nd iv idua l  m a t e r i a l s ,  assemblies t h a t  would be 

destroyed i f  o t h e r  methods of s t e r i l i z a t i o n  were used i s  concerned, as wel l  as 

i n  t h e  f i n a l  s t e r i l i z a t i o n  o f  a s p a c e c r a f t  as a whole fol lowing i t s  assembly, 

t h e  gas method provides  one o f  t h e  b a s i c  methods of s t e r i l i z a t i o n  of space-- 

craft  a t  a l l  s t a g e s  o f  i t s  manufacture. 

/zoo 

P h i l l i p s  and Hoffman (1960), Davies and Communtzis (1960) suggested t h e  

use of e thylene oxide f o r  gas s t e r i l i z a t i o n  o f  s p a c e c r a f t ;  t h i s  substance i s  

very e f f e c t i v e  because of  i t s  high b a c t e r i c i d a l  p r o p e r t i e s  and considerable  

p e n e t r a t i n g  a b i l i t y .  
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Methods of using ethylene oxide f o r  d i s i n f e c t i o n  and s t e r i l i z a t i o n  i n  

var ious a r e a s ,  t h e  mechanism of  i t s  b a c t e r i c i d a l  a c t i o n  on microorganisms, 

e t c . ,  have been s tud ied  i n  d e t a i l  i n  survey a r t i c l e s  by P h i l l i p s  and Kaye 

(1949), Bruch (1961) and Kelsey (1967). 

A mixture of  e thylene oxide (3 t o  90%) with a i r  is  h igh ly  explosive.  

Hence, e thylene oxide i s  u s u a l l y  used i n  a mixture with such explosion-proof 

gases as carbon d iox ide ,  f r eon  and o t h e r  compounds. These mixtures p e n e t r a t e  

r e a d i l y  i n t o  many m a t e r i a l s  - -  paper ,  c l o t h ,  c e r t a i n  p l a s t i c s ,  rubber.  

However, many authors  po in t  o u t  t h a t  t h e  method of  gas s t e r i l i z a t i o n  does 

no t  allow e f f e c t i v e  s t e r i l i z a t i o n  of  t h e  e n t i r e  t h i ckness  o f  many p l a s t i c s  

and t h e  c a v i t i e s  of  c losed volumes. I n  t h i s  connection, while  working out  

methods o f  gas s t e r i l i z a t i o n ,  considerable  emphasis has been placed on a 

s tudy of  t h e  processes  of d i f f u s i o n  o f  b a c t e r i c i d a l  gases i n t o  closed systems 

of  s p a c e c r a f t .  In  r ecen t  y e a r s ,  while  developing methods of  gas s t e r i l i z a t i o n ,  

s e v e r a l  authors including Opfel l  e t  a l .  (1964), Vashkov and Prishchep (1967) 

have c a r r i e d  out  s p e c i a l  i n v e s t i g a t i o n s .  

According t o  t h e  d a t a  of  Opfel l  (1963), J a f f e  (1963 a ,  b ) ,  Davies and 

Communtzis (1960), a gas mixture i s  used f o r  s t e r i l i z a t i o n  of  s p a c e c r a f t  i n  

t h e  USA which c o n s i s t s  of 12% e thy lene  oxide and 88% f r e o n  1 2  ( so -ca l l ed  

c ryox ide ) ,  

Vashkov and Prishchep (1967) have proposed t h e  use of  a new more e f f e c t i v e  

mixture f o r  t h e  s t e r i l i z a t i o n  of s p a c e c r a f t .  This mixture which c o n s i s t s  of 

40% ethylene oxide and 60% methyl bromide has been c a l l e d  "OB" mixture by t h e  

au tho r s .  According t o  the  d a t a  of t hese  i n v e s t i g a t o r s ,  a mixture of t h i s  kind 

exceeds cryoxide i n  terms o f  i t s  b a c t e r i c i d a l  p r o p e r t i e s  due t o  t h e  high 

b a c t e r i c i d a l  capac i ty  o f  both o f  t h e  components. Thus, t h e  "OB" mixture i s  

f i v e  t imes more e f f e c t i v e  i n  i t s  a c t i o n  on StaphyZococeus aureus and 2 . 5  

t imes more e f f e c t i v e  aga ins t  spores  of  B .  mesenterieus than a mixture con- 

t a i n i n g  1 2 %  ethylene oxide and 88% f reon .  I n  t h e  course of  s p e c i a l  s t u d i e s ,  

t h e s e  authors  demonstrated t h a t  t h e  "OB" mixture w i l l  no t  harm ma te r i a l s  being 

s t e r i l i z e d .  
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The complete removal of  t h e  s t e r i l i z i n g  mixture following s t e r i l i z a t i o n  

is  very important i n  gas s t e r i l i z a t i o n  o f  s p a c e c r a f t .  

t h e  b a c t e r i c i d a l  mixture  i s  important both f o r  t h e  c o l l e c t i o n  of  samples dur- 

i n g  t h e  microbiological  check o f  s t e r i l i t y  and t o  ensure normal operat ion o f  

i nd iv idua l  devices  during f l i g h t  and subsequent experiments on t h e  s u r f a c e  o f  

t h e  p l a n e t  t o  be s t u d i e d .  I n  t h i s  connection, s p e c i a l  emphasis i s  p l aced  on 

problems of  d i f f u s i o n ,  adsorpt ion and desorpt ion o f  t h e  s t e r i l i z i n g  gases ,  

and these  problems are being solved s u c c e s s f u l l y  a t  t h e  p re sen t  t i m e .  

Complete removal of 

Technical problems t h a t  are r e l a t e d  t o  t h e  manufacture of s t e r i l e  space- 

c r a f t  intended f o r  s tudying o t h e r  p l a n e t s  may be solved s u c c e s s f u l l y  i n  

p r a c t i c e  i f  t h e  necessary technological  condi t ions a r e  maintained a t  a l l  

s t a g e s  of  assembly of  t h e  apparatus and i n  t h e  p l a c e  where t h e  instruments  are 

loca ted .  

s p a c e c r a f t ,  proceeding a t  a very rapid r a t e  t h e s e  days,  w i l l  be improved and 

s i m p l i f i e d  i n  t h e  f u t u r e .  

I t  should be emphasized t h a t  t h e  technology of  s t e r i l i z a t i o n  o f  

250 



REFERENCES 

1. 

2 .  

3.  

4 .  

5 .  

6 .  
7 .  
8. 
9 .  

10.  

11. 

1 2 .  
13. 
1 4 .  
15 .  
16 .  
1 7 .  
18.  

19 .  
20. 
21 .  

22 .  
23. 
24. 
25. 
26. 

27 .  

28. 
29. 

30.  
31. 

3 2 .  

Imshenetskiy,  A. A . ,  Transac t ions  of  t h e  Symposium e n t i t l e d  "Techniques 
o f  S t e r i l i z a t i o n  o f  Ins t ruments  and M a t e r i a l s  i n  Conjunct ion With 
t h e i r  use  i n  Space," Vol. 37,  p .  560, 1968. 

Imshenetsk iy ,  A .  A .  and S .  S .  Abyzov, MikrobioZogiya, Vol. 35,  p .  517, 
1966. 

Imshenetsk iy ,  A .  A.  and S.  V .  Lysenko, DokZa& AN SSSR, Vol. 154, p .  1188, 
1964. 

Anders, E .  , "The Moon as a C o l l e c t o r  o f  B i o l o g i c a l  Material , I 1  Science, 
1961. 

As tafyeva ,  A . ,  V .  Vashkov, E .  N ik i fo rova  and N .  Romsova, L i f e  S e i .  m d  
Space Res., Vol. 38,  1967. 

Becquerel ,  M . ,  Comptes Rendus, Vol. 2 3 2 ,  p .  2 2 ,  1951. 
Bruch, C . ,  Annual Rev. MicrobioZ., Vol. 15, p .  245, 1961. 
Bruch, C . ,  L i f e  S e i .  and Space Res., Vol. 2 ,  p .  357, 1964. 
Bruch, C .  and M .  Koes t e re r ,  Bacterial. Proc., Vol. 30,  1962. 
Davies,R. and M .  Communtzis, Proc. l o t h  I n t e m a t .  Astron. Congr., 

Davies ,  R .  and N .  Horowitz, L i f e  Sei. and Space Res., Vol. 4 ,  p .  197, 

Godding, R .  and V .  Lynch, A p p Z .  Microbiol.,  Vol. 13, p .  10, 1965. 
H a l l ,  L . ,  Biology and the ExpZoration of Mars, 1966. 
H a l l ,  L , ,  COSPAR Techn. Manual Ser ies ,  Vol.  4 ,  p .  3 ,  1968. 
H a l l ,  L .  ,and C .  Beruch, L i f e  Se i .  and Space Res., Vol. 3 ,  p .  48, 1965. 
Horowitz, N . ,  R .  Sharp and R .  Davies ,  Science, Vol. 155,  p .  1501, 1967. 
Hotchin ,  J . ,  P .  Lorenz and C .  Hemenway, Nature, Vol.  206, p .  442, 1965. 
J a f f e ,  L . ,  J e t  Prop. Lab., USA, COSPAR Symposium, Warsaw, Poland,  

J a f f e ,  L . ,  Aeronaut. and Aerospace Engng., Vol.  1, p .  2 2 ,  1963 b .  
Imshenetsk iy ,  A . ,  COSPAR Sympos., Washington, 1962. 
Imshenetsk iy ,  A .  and S .  Lysenko, L i f e  S e i .  and Space Res., Vol. 3 ,  

Kelsey,  J . ,  J .  AppZ.  Bacteriol . ,  Vol. 30 ,  p .  92,  1967. 
Koes t e re r ,  M . ,  Developm. Industr .  Microbiol.,  Vol.  6 ,  p .  268, 1964. 
Lederberg,  J .  and D .  Cowie, Science, Vol. 1 2 7 ,  p .  1473, 1958. 
Lev, M . ,  J .  A p p Z .  BacterioZ., Vol. 2 7 ,  p .  41, 1964. 
L i g h t ,  J . ,  C .  Craven, W .  Vishniac  and L .  H a l l ,  L i f e  S e i .  and Space Res., 

Lorsch H .  and M .  K o e s l e r e r ,  L i f e  S e i .  and Space Res., Vol.  5 ,  p .  2 2 ,  

M a g i s t r a l e ,  V . ,  Astron. and Aeronaut., Vol. 4 ,  p .  80, 1966. 
McDade, J . ,  W .  W h i t f i e l d  and H .  S i v i n s k i ,  COSPAR Techn. Manual Ser ies ,  

O p f e l l ,  J . ,  Dyncmic S e i .  Corp., USA COSPAR Sympos., Warsaw, June ,  1963. 
O p f e l l ,  J .  and W .  Bandaruk, L i f e  S e i .  and Space Res., Vol. 4 ,  p .  133, 

O p f e l l ,  J . ,  Y .  Wand, Louderback and C .  Miller, AppZ.  MierobioZ., Vol. 1 2 ,  

Vienna, S p r i n g e r  Ver l ag ,  Vol. 1, p .  495, 1960. 

1966. 

June ,  1963 a .  

p .  142, 1965. 

Vol. 5 ,  p .  7, 1967. 

1967. 

Vol. 4, p .  173, 1968. 

1966. 

p .  27, 1964. 

25 1 



33. 

34, 
35. 
36. 
37. 
38. 
39 * 

40. 

41 .  
4 2 .  

43 a 

44 .  

45. 
46. 
47. 

P h i l l i p s ,  G . ,  Proc. NatZ. Conf. Spacecraft S ter iZ iza t ion  TechnoZ. WZ. 

P h i l l i p s ,  C .  and S .  Kaye, Amer. J .  Hyg., Vol. 50, p .  270, 1949. 
P h i l l i p s ,  G . ,  F.  Novak and R .  Alg, A p p z .  MierobioZ., Vol. 3, p .  216, 1955. 
P h i l l i p s ,  C .  and R .  Hoffman, S e k n c e ,  Vol. 132, p .  991, 1960. 
Por tner ,  D . ,  D.  Sp iner  and R .  Hoffman, Seience, Vol. 134, p .  2047, 1961. 
Sagan, C . ,  Proc. Nat. Acad. Sei. ,  USA, Vol. 46, p .  393, 1960. 
Sagan, C .  and S .  Coleman, Astronaut. and Aeronaut., Vol. 3, p .  22 ,  1965. 
Shank, J . , J .  S t i l l i k e r  and R .  Harper, AppZ. MicrobioZ., Vol. 10, p .  185, 

Trexler ,  P .  and R .  Reinolds,  AppZ. MicrobioZ.,Vol. 5 ,  p .  406, 1957. 
Vashkov, V. , E .  Nikiforova and Yu. Shumayeva, COSPAR Techn. Manual 

Vashkov, V .  and G .  Shcheglova, COSPAR l’echn. ManuaZ Ser ies ,  Vol. 4 ,  

Vashkov, V .  and A .  Prishchep, L i f e  Sei. and Space ,Z?es., Vol. 5 ,  p .  44, 

Webb, L .  and S .  S o f t k i ,  Rev. Scient .  Instrum., Vol. 24 ,  p .  472, 1953. 
Willard,  M .  and Alexander, Nature, Vol. 202, p .  658, 1964. 
Zsolnai , T .  , Biochem. and PhmacoZ. ,  Vol. 11, p .  995 , 1962. 

Spec., Vol. 108, p .  105, 1966. 

1962. 

Ser ies ,  Vol. 4 ,  p .  123, 1968. 

p .  127, 1968. 

1967. 

Translated f o r  t h e  National Aeronautics and Space Administration under cont rac t  
No. NASw-2037 by Techtran Corporation, P .  0 .  Box 729, Glen Burnie, Maryland 
21061, Trans la tor :  William J .  Grimes, M .  I .  L .  

25 2 4 F-710 - 

I11111 I 111111 II.IIII 11111 ~ 11.11 - 



x. -11 
N A T I O N A L  A E R O N A U T I C S  A N D  SPACE A D M I S T R A T I O N  

W A S H I N G T O N ,  D.C. 20546 
~ 

FIRST CLASS MAIL SPACE A D M  l Nl S T R A T I  O N  [S) U S M A I L  

P O S T A G E  A N D  FEES P A I D  

N A T I O N A L  A E R O N A U T I C S  A N D  
OFF1 C I A L  BUS I N ESS 

P E N A L T Y  F O R  P R I V A T E  USE $300 

0 2 2  001 CL  U 04 720407 S00903DS 
DEPT D f  THE A I R  FORCE 
AF WEAPONS L A B  1 A F S C )  
T E C H  tIBKARY/WLOL/ 

KIRJLANC) A F B  NM 87117 
A T T N :  E LOU BOMMAN,  CHIEF 

.> I 

If Undeliverable (Section 158 
Postal Manual) Do Not Return 

“The aeronautical and space activities of the United Stntes shall be 
conducted so as to  contribute . . . t o  the expansion of human knowl- 
edge of phenoiiiena in the atniosphere and space. The Administration 
shall provide for the widest practicable and appropriate dissemination 
of infor i tdon concerning its activities and the results thereof.” 

-NATIONAL AERONAUTICS AND SPACE ACT OF 1958 

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 

TECHNICAL REPORTS: Scientific and 
technical information considered important, 
complete, and a lasting contribution to existing 
knowledge. 

TECHNICAL NOTES: Information less broad 
in scope but nevertheless of importance as a 
contribution to existing knowledge. 

TECHNICAL MEMORANDUMS: 
Information receiving limited distribution 
because of preliminary data, security classifica- 
tion, or other reasons. 

CONTRACTOR REPORTS: Scientific and 
technical information generated under a NASA 
contract or grant and considered an important 
contribution to existing knowledge. 

TECHNICAL TRANSLATIONS: Information 
published in a foreign language considered 
to merit NASA distribution in English. 

SPECIAL PUBLICATIONS: Information 
derived from or of value to NASA activities. 
Publications include conference proceedings, 
monographs, data compilations, handbooks, 
sourcebooks, and special bibliographies. 

TECHNOLOGY UTILIZATION 
PUBLICATIONS: Information on technology 
used by NASA that may be of particular 
interest in commercial and other non-aerospace 
applications. Publications include Tech Briefs, 
Technology Utilization Reports and 
Technology Surveys. 

Details on the availability of these publications may be obtained from: 

SCIENTIFIC AND TECHNICAL INFORMATION OFFICE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washington, D.C. PO546 


